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Therapy for Traumatic 
Optic Neuropathy 


To the Editor.—I read with interest the article by Joseph et 
al' in the August 1990 issue of the ARCHIVES. I was 
impressed with their surgical results. I have used a surgi- 
cal technique similar to theirs but have not had as much 
success in the patients I selected for such intervention. 

Although the article reports therapeutic success in what 
is often a difficult disease to treat, I am concerned about 
some of the conclusions drawn by the authors. A major 
problem with the series is that all of the patients operated 
on received corticosteroid therapy. The recent retrospective 
study from San Francisco suggests a beneficial effect of 
high-dose corticosteroids in these patients? In the San 
Francisco study, 13 (62%) of 21 patients treated with 
steroids had visual improvement. This compares favorably 
with the 11 (78.6% ) of 14 patients treated with steroids and 
undergoing surgery in the report by Joseph et al! who im- 
proved. With these sample sizes, such a difference could not 
statistically support an argument that surgery is better 
than, or even adds to, the beneficial effect of steroid treat- 
ment alone. We should keep in mind that most series in the 
literature report a visual improvement rate with no treat- 
ment of between 20% and 3545 ?? This makes it difficult to 
statistically demonstrate the clinical efficacy of any thera- 
peutic regimen, given the typically small samples associ- 
ated with studies of these injuries. 

I agree with Miller* and Joseph et al,' however, that sur- 
gery by an experienced technician may be beneficial in some 
of these cases. However, I do not believe that all patients are 
best treated by a single surgical approach. All patients 
should undergo computed tomography with imaging of the 
optic canals before any surgery is considered. If fractures 
around the canal are seen, the surgical approach, transcra- 
nial or extracranial, should be selected on the basis of the 
exposure provided to remove bone fragments, which could 
potentially be compressing the nerve. I agree with the au- 
thors that an extracranial technique is preferred for de- 
compression of the canal in the absence of specific fractures. 
I have termed this approach to therapy CT-directed decom- 
pression of the optic canal. 

I, like the authors, have found surgical decompression ef- 
fective as long as 7 days after the injury occurs. I have also 
found that corticosteroid-treated patients may not begin to 
improve until 5 days after treatment is started? Therefore, 
many of the patients in the series of Joseph et al who im- 
proved after surgery performed prior to 5 days after injury 
may have simply been showing a steroid-induced recovery. 

I believe Miller is correct in his assessment that a large, 
prospective, randomized, multicenter study would be useful 
in evaluating therapy for these injuries. 

STUART R. SEIFF, MD 
San Francisco, Calif 


1. Joseph MP, Lessell S, Rizzo J, Momose KJ. Extracranial optic nerve de- 
compression for traumatic optic neuropathy. Arch Ophthalmol. 1990; 
108:1091-1093. 

2. Seiff SR. High dose corticosteroids for treatment of vision loss due to 


—. indirect injury to the optic nerve. Ophthalmic Surg. 1990;21:389-395. 
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3. Lessell S. Indirect optic nerve trauma. Arch Ophthalmol. 1989;107:382- 
386. 

4. Miller N. The management of traumatic optic neuropathy. Arch Oph- 
thalmol. 1990;108:1086-1087. 


In Reply.—Dr Seiff is concerned that the concomitant use 
of corticosteroids makes it difficult to attribute our good 
results to surgery. However, all of the patients were treated 
for 48 hours or less, which would make it unlikely that the 
corticosteroid treatment affected the recovery of visual 
function. We nevertheless agree that one cannot confidently 
credit surgery for the visual recovery, and we look forward 
to seeing the results of a prospective study of consecutive 
cases of acute indirect traumatic optic neuropathy managed 
solely by canal decompression. 

A protocol of immediate surgical decompression does 
mean that some patients who would improve with steroid 
therapy alone undergo surgery. However, to delay surgery 
for days waiting for some benefit from the steroids seems 
to compromise the chance of recovery in other patients. 
Furthermore, the patients who get better with steroids 
might have a more complete recovery with both steroids 
and immediate surgery. 

We agree that preoperative computed tomography is an 
essential component of the evaluation, but not for the rea- 
son that Dr Seiff proposed. Computed tomography is neces- 
sary to define the surgical anatomy of the paranasal sinuses. 
It also helps to rule out the presence of other lesions that 
might not have been disclosed by clinical examination, but 
we do not believe that the location of a displaced fracture 
of the optic canal dictates the surgical approach. Transeth- 
moid-sphenoid optic canal decompression may be as effec- 
tive as, and possibly safer than, other approaches to the ca- 
nal, even in the presence of a displaced lateral fracture. 

We too are eager to see a prospective multicenter study 
or the creation of a data bank, but there seems to be little 
prospect of accomplishing a randomized investigation. 

MICHAEL P. JOSEPH, MD 
SIMMONS LESSELL, MD 
JOSEPH Rizzo, MD 

K. JACK MowosE, MD 
Boston, Mass 


Risk of Developing Macular Hole 


To the Editor.—In their recent article in the ARCHIVES, 
Akiba and coworkers’ report their follow-up results of 45 
patients (45 eyes) with early-stage idiopathic macular hole. 


See also pp 635 and 654. 


The term early-stage macular hole implies a lesion with the 
potential for hole formation. However, their findings, as well 
as the findings of Trempe et al” and myself,’ suggest that eyes 
with separation of the vitreous from the foveal retina are at no 
risk of hole formation. Therefore, their present study is actu- 
ally a follow-up of 27 eyes, not 45, since 18 eyes had separation 
of the vitreous from the fovea and were at no risk of hole 
formation at the time of entry into the study. 
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The criteria of Akiba et al’ for early-stage macular hole 
included biomicroscopic findings of “a focal, mild deviation of 
the inner retinal surface instead of foveal depression, but no 
retinal defect.” They state, “This macular status is consistent 
with that of stage I in the Gass classification.” However, it is 
inconsistent with that classification in that it did not include, 
in addition to loss of foveal depression, two important biomi- 
croscopic criteria for a stage I lesion: the absence of evidence 
of vitreofoveal separation and the presence of a yellow spot or 
ring. Furthermore, their criterion of a focal mild deviation of 
the inner retinal surface may be caused by a variety of lesions 
that do not represent an impending macular hole.‘ 

In following up the 27 eyes without vitreous separation, 
Akiba et al’ found that 10 developed vitreous separation 
without hole formation. The authors do not tell us what 
biomicroscopic changes were present after vitreous separa- 
tion. How many eyes showed evidence of inner lamellar hole 
or a pseudo-operculum, findings that usually are present after 
spontaneous vitreous separation? In the other 17 eyes, the 
“vitreous status was unchanged” during follow-up. Ten of 
these 17 eyes developed a macular hole. It seems unusual that 
none of these eyes developed at least a partial vitreous sepa- 
ration from the fovea associated with operculum formation, 
since this occurs in 75% or more of eyes after hole formation. 
It is also unusual that seven of the 27 eyes did not develop 
either vitreous separation or a macular hole during the follow- 
up period, which was at least 7 months. With few exceptions 
in my experience, eyes with impending holes either develop 
spontaneous vitreous separation or progress to hole forma- 
tion within a few weeks or months. Since the minimum follow- 
up in this study was 7 months, it is unlikely that most of these 
seven patients had an impending hole. 

The authors note that hole formation occurred in six (46%) 
of 13 fellow eyes and in only four (13%) of 32 initially involved 
eyes with an impending hole. If, however, the 18 eyes with 
vitreofoveal separation at entry into the study are excluded, 
and if, as suggested but not clearly indicated, all 13 eyes had 
evidence of vitreous attachment at entry into the study, then 
the rate of hole formation in initially involved eyes is not 
dissimilar (four [2996] of 14 eyes). The chance for misdiagnosis 
of an impending macular hole in the primary eye is also 
greater than in the fellow eye. 

The authors conclude that the chance of spontaneous sepa- 
ration may be greater than the risk of hole formation. Yet, of 
the 27 eyes at risk, the incidences of eyes developing sponta- 
neous vitreous separation and of those developing a hole were 
identieal (10 [3796] of 27 eyes) Furthermore, seven eyes 
(26%) still had impending holes when last seen. 

Until evidence is presented to the contrary, I believe it is 
important that a diagnosis of an impending macular hole be 
made only when all three of the following biomicroscopic 
criteria are present: (1) loss of the foveal depression, (2) 
presence of a yellow spot or ring in the center of the fovea, and 
(3) absence of separation of the vitreous from the foveal 
retina. In addition, with few exceptions, patients will mani- 
fest visual reduction and distortion in the eye. Even these 
findings are not pathognomonic for impending macular hole, 
and for that reason the diagnosis is most reliable when found 
in the fellow eye of a patient with a macular hole. 

J. DONALD M. Gass, MD 
Miami, Fla 

1. AkibaJ, Yoshida A, Trempe CL. Risk of developing a macular hole. Arch 
Ophthalmol. 1990;108:1088-1090. 

2. Trempe CL, Weiter JJ, Furukawa H. Fellow eyes in cases of macular 
hole: biomicroscopic study of the vitreous. Arch Ophthalmol. 1986;104:93-95. 

3. GassJDM. Idiopathic senile macular hole: its early stages and pathogene- 
sis. Arch Ophthalmol. 1988;106:629-639. 


4. Gass JDM, Joondeph BC. Observations concerning patients with suspect- 
ed impending macular holes. Am J Ophthalmol. 1990;109:638-646. 
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In Reply.—I thank Dr Gass for helping to clarify the three 
important biomicroscopic criteria essential for diagnosing im- 
pending macular hole formation and also for stressing the 
difficulty in making the diagnosis in the initially involved 
eyes. 

I agree that eyes with separation of the vitreous from the 
foveal retina are at very low risk of hole formation. Those eyes 
were included in the study to demonstrate that, indeed, they 
are at low risk of developing a macular hole. The definition of 
impending macular hole that I used in this article is the one 
commonly used by vitreoretinal surgeons. (My own definition 
agrees with that of Gass.) My hope was to convince vitreore- 
tinal surgeons of the importance of the vitreous examination 
and to point out that a significant number of so-called impend- 
ing holes do well without surgery. 

To my knowledge, the important points that Dr Gass makes 
have not been considered in any reports on the role vitrec- 
tomy plays for impending macular hole. Some vitreous sur- 
geons have recommended surgery even if the posterior vitre- 
ous is completely separated. Treating macular hole with 
surgery is now an accepted procedure in many medical cen- 
ters, regardless of the status of the vitreous. 

I do not currently recommend surgery for any of my pa- 
tients, but this subject is in urgent need of a randomized 
study. Such a study would be greatly enhanced if Dr Gass 
were involved in its planning. 

The point regarding the difficulty of making the diagnosis of 
macular hole formation in the initially involved eye is well 
taken. Because of that difficulty, I do not think that those eyes 
should be included in studies regarding the role of vitreous 
surgery in impending macular hole. 

In answer to some of Dr Gass’ specific points, we found a 
yellow spot or ring at the fovea in all eyes in our series. By 
focal mild deviation of the inner retinal surface, we mean loss 
of foveal depression and also possibly of elevation. 

Our criteria for early-stage macular hole did not include 
“the absence of evidence of vitreofoveal separation." Thus, . 
we believe that “this macular status [condition of the foveal 
retina] is consistent with that of stage I in the Gass 
classification." 

Of the 10 eyes that developed vitreous separation without 
hole formation, seven developed posterior vitreous separa- 
tion and three developed vitreofoveal separation during the 
follow-up period. We found a pseudo-operculum in the three 
eyes with vitreofoveal separation, but did not find evidence of 
inner lamellar hole in any eyes. Biomicroscopically, we found 
the yellow spot or ring disappeared within a few months after 
the vitreous separation from the fovea occurred. Subsequent- 
ly, the fovea had a reddish hue. 

We found an operculum suspended just in front of the 
maeular hole in all 10 eyes that developed a macular hole. 
However, we did not find evidence of vitreous separation 
from the macular area. We described this condition as “vitre- 
ous status was unchanged.” 

I agree that many eyes with impending holes develop spon- 
taneous vitreous separation or progress to hole formation 
within a few months (2 to 3 months). However, we observed 
eyes with impending hole (seven [26%] of 27 eyes in our series) 
that did not develop vitreous separation or progress to hole 
formation within 7 months or longer. Six of those eyes were in 
the initially involved group of eyes. 

If we exclude the 18 eyes with vitreofoveal separation at 
entry into the study, hole formation occurred in six (55%) of 11 
fellow eyes and four (25%) of 16 initially involved eyes. We 
noted in the “Comment” section that “Since diagnosing early- 
stage macular hole is difficult, especially in initially involved 
eyes, we cannot eliminate the possibility that the diagnosis of 
early-stage macular hole was made on firmer ground in the 
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fellow eyes than in initially involved eyes.” 

As Dr Gass suggested, if we exclude the 18 eyes with 
vitreofoveal separation at entry into the study, the preva- 
lence of eyes developing spontaneous vitreous separation and 
those developing a macular hole is identical: 10 (87%) of 27 
eyes in each group. 

CLEMENT L. TREMPE, MD 
Boston, Mass 


Model for Optic Nerve Sheath Decompression: 
Bernoulli’s Principle Applied 


To the Editor.—We read with considerable interest and 
some skepticism the article by Seiff and Shah! describing a 
mechanism of optic nerve sheath fenestration. They suggest 
that Bernoulli’s principle might explain the reduction in 
optic nerve head swelling noted after surgery, and they 
support their suggestion with some experimental results. 





See also p 667. 





We have re-created the authors’ hydraulic model in our 
laboratory, and have evaluated the rate of flow required to 
achieve pressure-lowering effects. Consideration was given 
to the diameter of the modeled fenestration: a large diam- 
eter decreases velocity; a small diameter increases resis- 
tance, thereby decreasing velocity. For water, we found that 
2.5 mm gives maximum velocity. In our experiment, a 
3-mm-diameter fenestration was used. The results, shown 
in Fig 1, are based on flow rate (in milliliters per minute), 
and, in Fig 2, on velocity calculations (in millimeters per 
minute) required by Bernoulli’s formula. Flow and velocity 
are exponentially related to pressure. Thus, at a low flow 
rate and low velocity, there is little change in pressure. Only 
at high velocity or high flow rate is there a substantial drop 
in pressure. 

To obtain a pressure of 55 mm of water distal to the mod- 
eled fenestration site, given a reservoir pressure of 210 mm 
of water, the velocity required is 2500 mm/min. This corre- 
sponds to a flow rate of about 200 mL/minute. Given that 
the total cerebrospinal fluid (CSF) volume is estimated to be 
140 mL,’ it is highly unlikely that a flow rate of this mag- 
nitude could be maintained. Under normal circumstances, 
the rate of CSF production has been calculated to be about 


Fig 1.—Effects of a 3-mm-diameter fenestration on rate of water flow 
and water pressure. 
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Fig 2.— Effects of a 3-mm-diameter fenestration on water velocity and 
pressure. 


0.85 mL/min, and the entire volume of CSF is renewed 
every 6 hours. Even assuming that the entire CSF volume 
could turn over within 1 hour, a flow of only 2 mL/min could 
be maintained on a steady-state basis. This flow, corre- 
sponding to a velocity of about 30 mm/min, would produce 
virtually no lowering of pressure ipsilateral to the fenes- 
tration, let alone in the contralateral optic nerve sheath. As 
demonstrated in the figures, only those portions of the 
curves within the boxed areas realistically reflect the range 
of CSF dynamics. 

We have confirmed the usefulness of the fluid mechanics 
model in assessing CSF dynamics at the level of the optic 
nerve sheath. Unfortunately, the authors' conclusion that 
Bernoulli’s principle can explain the protective effect of 
fenestration on the optic nerve head under conditions of in- 
creased intracranial pressure cannot be produced under any 
conceivable physiologic or pathophysiologic condition. We 
believe that optic nerve sheath fenestration functions as a 
low-resistance pathway for drainage of CSF from the optic 
nerve sheath in a manner completely analogous to the 
treatment of glaucoma with standard filtering surgery. 

ALFRED A. SADUN, MD, PHD 
KEITH B. HELLER 

STEVEN E. FELDON, MD 

Los Angeles, Calif 


1. Seiff SR, Shah L. A model for the mechanism of optic nerve sheath fen- 
estration. Arch Ophthalmol. 1990;108:1326-1329. 

2. Kee DB, Wood JH. Cerebral spinal fluid. In: Adelman G, ed. Encyclope- 
dia of Neuroscience. Boston, Mass: Birkhauser; 1987:215-217. 

3. Cutler RWP, Page L, Galicich J, Watters GV. Formation and absorp- 
tion of cerebrospinal fluid in man. Brain. 1968;91:707-720. 

4. Lorenzo AV, Page LK, Watters GV. Relationship between cerebrospi- 
nal fluid formation, absorption and pressure in human hydrocephalus. Brain. 


1970;93:679-692. 


9. Rubin RC, Henderson ES, Ommaya AK, Walker MD, Rall DP. The pro- 
duction of cerebrospinal fluid in man and its modification by acetazolamide. 
J Neurosurg. 1966;25:430-436. 


In Reply.—We appreciate the comments by Dr Sadun et al 
regarding our article. The data derived from their re- 
creation of our model were interesting and not unexpected. 
However, we do not agree with their conclusions. 

In the article, we pointed out that this was a simple model 
designed to illustrate a concept rather than to exactly sim- 
ulate a biologic system. There are many simplifications in 
the model. The fluid volume available for flow is overesti- 
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mated because brain and nerve tissue are not represented. 
In addition, variable resistances to flow caused by normal 
trabeculations of tissue in the fluid spaces are not accounted 
for. We stated that these and other simplifications make 
actual calculations of flow and pressure by Bernoulli’s 
equation unrealistic in this model. Therefore, we are not 
surprised that Sadun et al found that a drop in pressure 
from 210 to 55 mm of water required a flow that was higher 
than physiologically possible. 

Clinically, we often encounter intracranial pressures 
much higher than 210 mm of water, and we do not know of 
any need to lower the pressure to 55 mm of water. In many 
cases, only a small decrease in pressure, as seen in the optic 
nerve, is needed to produce clinical improvement. Fenes- 
tration may cause such a decrease in pressure because of 
Bernoulli’s principle, especially if one considers that virtu- 
ally no streamline flow was present along the nerve before 
the fenestration (ie, v, = 0 for P,). 

Unfortunately, many biologic unknowns related to vision 
loss associated with chronic papilledema remain. We do not 
know at what pressure a given optic nerve will exhibit a de- 
crease in function and how much pressure relief is needed 
to cause improvement. In fact, we do not know the actual 
CSF pressure around an optic nerve in any specific case, 
owing to variability of CSF communications between the 
compartments of the subarachnoid space. Therefore, it 
seems presumptuous to discount any role for Bernoulli’s 
principle in the mechanism of action of optic nerve sheath 
fenestration on the basis of calculations done on a simpli- 
fied model. As stated in the article, Bernoulli’s principle 
helps account for the variety of findings seen clinically af- 
ter optic nerve sheath fenestration, unlike the other pro- 
posed mechanisms. In the future, however, it likely will be 
shown that many factors are at work, and that Bernoulli’s 
principle may be only one. 

STUART R. SEIFF, MD 
LoPA SHAH, MD 
San Francisco, Calif 


Mechanism of Optic Nerve Sheath Fenestration 


To the Editor.—We were interested to learn of the model 
developed by Seiff and Shah! to explain the mechanism by 
which fenestration of the optic nerve sheath might relieve 
papilledema due to raised intracranial pressure. We have 
been working on various animal models to explain the same 
process. Seiff and Shah note that increased flow around the 
optic nerve following sheath fenestration will result in de- 
creased cerebrospinal fluid (CSF) pressure locally, accord- 
ing to Bernoulli's equation. A condition of Bernoulli's equa- 
tion, however, is that the fluid be in streamline flow. Such 
a condition does not exist in primates as a consequence of 
adhesions in the subarachnoid space, especially in the area 
of the optic canal. These adhesions make the amount of 
CSF communication between the intracranial space and the 
two optic nerves highly variable between species and indi- 
viduals. Because such adhesions have not been found in 
subprimates, we have limited our work to developing an 
easily reproduced primate model of chronic papilledema. 
While Bernoulli’s equation may explain the pressure 
changes observed in Seiff and Shah's mechanical model, 
extrapolation cannot be made to explain all the various re- 
sults observed in humans after optic nerve sheath decom- 
pression for pseudotumor cerebri. They base their model on 
the belief that the procedure works by filtration of CSF, 
when, in fact, the filtration vs fibrosis debate remains un- 
solved. Indeed, we believe that both mechanisms are possi- 
ble, based on the variable presence of adhesions within the 
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subarachnoid space of the optic canals. When these adhe- 
sions are sparse, free flow between the intracranial space 
and the two optic nerves may be possible, and the actual 
mechanism may be as Seiff and Shah describe. However, 
when adhesions are more substantial, and continued flow is 
limited after the initial rush of CSF, fibrosis may occur after 
surgery, exerting its own protective effect on the optic 
nerve. Based on the anatomic complexity of this problem, 
we are convinced that a primate model is required to explain 
the mechanisms by which optic nerve sheath fenestration 
relieves papilledema. 

RICHARD A. BAZARIAN, MD 

RONALD M. BURDE, MD 

Bronx, NY 


1. Seiff SR, Shah L. A model for the mechanism of optic nerve sheath fen- 
estration. Arch Ophthalmol. 1990;108:1326-1329. 

2. Hayreh SS. Pathogenesis of oedema of the optic disc. Doc Ophthalmol. 
1968;24:289-411. 

3. Sergott RC, Savino PJ, Bosley TM. Modified optic nerve sheath decom- 
pression provides long-term visual improvement for pseudotumor cerebri. 
Arch Ophthalmol. 1988;106:1384-1390. 


In Reply.—We appreciate the comments by Bazarian and 
Burde regarding our article. We certainly acknowledge that 
this model is simplistic, but it describes a mechanism of ac- 
tion that, for the first time, explains the many, and often 
paradoxical, findings we see clinically after optic nerve 
sheath fenestration. The application of Bernoulli’s equation 
to this model illustrates how a filtration mechanism can lo- 
cally reduce the CSF pressure seen by the optic nerves, 
while the intracranial pressure remains elevated. In fact, 
we believe an open fenestration site and elevated intracra- 
nial pressure are necessary to maintain filtration. 

We have observed flattening of chronic total retinal de- 
tachments and visual improvement in two cases of morning 
glory disc syndrome after large window optic nerve sheath 
fenestrations. In this syndrome, CSF is presumed to reach 
the subretinal space via the subarachnoid space of the op- 
tic nerve.' Fenestration of the nerve sheath allows escape of 
the subretinal fluid. However, detachment recurred in both 
eyes after 2 to 4 months. We postulate that the large fen- 
estrations scarred closed due to limited CSF flow through 
them, given the normal intracranial pressures in these 
cases. 

Bazarian and Burde are correct in pointing out that 
arachnoidal adhesions may limit communication of CSF 
between the nerves, and thus prevent streamline flow in 
some cases. However, we postulate that the chronic, severe 
elevation of intracranial pressure seen in pseudotumor 
cerebri stretches and thins these adhesions, allowing 
greater communication of CSF and an approximation of 
streamline flow in these patients. 

Again, we freely admit that this model has its limitations, 
but it introduces a new perspective on this controversial 
topic. We hope it will stimulate Bazarian, Burde, and oth- 
ers to pursue additional studies that might bring us still 
closer to a true understanding of the mechanism of action 
of optic nerve sheath fenestration. 

STUART R. SEIFF, MD 
LoPA SHAH, MD 
San Francisco, Calif 


1. Irvine AR, Crawford JB, Sullivan JH. The pathogenesis of retinal de- 
tachment with morning glory disc and optic pit. Retina. 1986;6:146-150. 


An Update on the Treatment of Gonococcal Ophthalmia 


To the Editor. — A recent editorial in JAMA states that "Nei- 
therthe penicillins nor the tetracyclines should continue to be 
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used routinely as sole treatment for uncomplicated gonor- 
rhea... .” This conclusion is based on a companion article 
that, for the first time, documents the resistance patterns of 
antimicrobial-resistant Neisseria gonorrhoeae in centers 
across the United States.” 

In view of the high prevalence and wide distribution of 
penicillin-resistant N gonorrhoeae in the United States, the 
use of penicillin as a first-line treatment of gonococcal ophthal- 
mia is difficult to justify. Further, it is particularly important 
for clinicians to be made aware of this possible lack of efficacy 
of penicillin in the treatment of a disease that is now uncom- 
mon in this country but still associated with blinding 
consequences. 

Ceftriaxone sodium must be considered the drug of choice 
in the treatment of both adult and neonatal gonococcal oph- 
thalmia. Efficacy has been established in both groups and 
resistance to the drug has not been demonstrated in this 
country.” 

The Centers for Disease Control (Atlanta, Ga)’ recom- 
mends 1 g of intramuscular ceftriaxone as a single dose for the 
treatment of gonococcal ophthalmia in adults and children 
over 20 kg. Intravenous or intramuscular ceftriaxone, 25 to 
50 mg/kg per day, in a single dose for 7 days is the recommend- 
ed treatment for the disease in infants. Spectinomycin hydro- 
chloride remains the drug of choice for children and adults 
sensitive to B-lactam antibioties.* 

Although aqueous penicillin G, gentamicin sulfate, tetracy- 
cline hydrochloride, bacitracin, and even ceftriaxone have 
been suggested as adjunctive topical agents in the treatment 
of gonococcal ophthalmia, none are recommended by the Cen- 
ters for Disease Control. Regular saline lavage is suggested 
as the most efficacious topical therapy." 

JOHN S. PARKER, MD 
JOHN D. GorrscH, MD 
Baltimore, Md 


1. Handsfield HH. Old enemies: combating syphilis and gonorrhea in the 
1990s. JAMA. 1990;264:1451-1452. 

2. Schwarez SK, Zenilman JM, Schnell D, et al. National surveillance of 
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3. Haase DA, Nash RA, Nsanze H, et al. Single-dose ceftriaxone therapy of 
gonococcal ophthalmia neonatorum. Sex Transm Dis. 1986;13:53-55. 

4. Haimovici R, Roussel TJ. Treatment of gonococcal conjunctivitis with 
single-dose intramuscular ceftriaxone. Am J Ophthalmol. 1989;107:511-514. 

5. Centers for Disease Control. Sexually Transmitted Diseases: Treatment 
Guidelines. Atlanta, Ga: US Dept of Health and Human Services, Public 
Health Service; 1989. 


Lack of Effectiveness of Tissue Plasminogen 
Activator 20 or More Days After Vitrectomy 


Tissue plasminogen activator (TPA) causes the resolution of 
intraocular fibrin after vitrectomy, even at the low dose of 
6 »g.' Experiments show, however, that it can increase the 
risk of intraocular bleeding, especially if used soon after 





See also pp 714 and 718. 





surgery. It may be better to wait as long as possible after 
surgery before using TPA. We report two cases in which TPA 
was ineffective in resolving intraocular fibrin when adminis- 
tered 20 days or more after a vitrectomy. 


Report of Cases.—CASE 1.—A 60-year-old woman had had two 
scleral buckles, but the retina redetached because of D2 proliferative 
vitreoretinopathy. A pars plana lensectomy and vitrectomy, followed 
by administration of intraocular gas (15% perfluoropropane), was 
performed. There was mild fibrin, a formed anterior chamber, and an 
80% gas fill on the first 2 days after surgery. A thin fibrin membrane 
was noted again 8 and 13 days after surgery. Twenty days after 
surgery, the fibrin membrane was thicker and involved both the iris 
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and cornea, which were stuck together. Two injections of 6 ug of TPA 
via the limbus were administered about 3 hours apart. A third injec- 
tion of TPA (25 ug) was given 27 days after surgery. Each time, the 
membrane was pierced and partially disrupted by the 30-gauge nee- 
dle before the injection. None of these maneuvers or injections of 
TPA seemed to have much effect. Three months after surgery, the 
cornea was opacified, the iris scarred to the corneal periphery, and a 
thick fibrin membrane present. The retina remained attached. 

CASE 2.—A 55-year-old woman who had had a vitrectomy and 
scleral buckle developed a recurrent detachment, panuveitis, and 
fulminant iris and angle neovascularization. A second vitrectomy was 
performed, and the eye was filled with 15% perfluoropropane gas. 
There was a small to moderate amount of fibrin 2, 4, and 12 days after 
surgery. Tissue plasminogen activator was not given at that time 
because the anterior chamber remained deep, and we feared that 
administration of TPA might cause bleeding from the iris or angle 
vessels. Twenty-five days after surgery, the fibrin membrane was 
thicker, and the iris was stuck to the peripheral cornea. A 3-ug dose of 
TPA was injected via the limbus, followed 3 hours later by a 12-u.g 
dose. A 25-ug dose of TPA was administered 2 days later. All of these 
injections had little effect. Four months after surgery, most of the 
peripheral iris remained scarred to the peripheral cornea, where it 
caused edema. The retina remained attached, and the anterior neo- 
vascularization had resolved. 


Comment.—The TPA was given 20 and 25 days after sur- 
gery in these patients, and appeared to have no effect. The 
one previous failure of TPA of which we were aware’ occurred 
in a patient whose eye was not treated with TPA until 41 days 
after surgery. Fibrin clots become much more resistant to 
fibrinolysis with time, due, presumably, to cross-linking and 
clot retraction, which squeezes out plasminogen.” These 
thicker, persistent membranes may also already contain fi- 
brocytes and collagen. Whatever the reason, TPA seems to 
work well if given between 3 and 7 days after surgery, with its 
effectiveness markedly diminished thereafter. 


JAMES C. FOLK, MD 
JONATHAN M. HERSHEY, MD 
MICHAEL B. Rivers, MD 
Iowa City, Iowa 


l. Jaffe GJ, Abrams GW, Williams GA, Han DP. Tissue plasminogen activa- 
tor for postvitrectomy fibrin formation. Ophthalmology. 1990;97:184-189. 

2. Sternberg P, Aguilar HE, Drews C, Aaberg TM. The effect of tissue 
plasminogen activator on retinal bleeding. Arch Ophthalmol. 1990;108:720- 
722. 

3. Loren M, Frade LJG, Torrado MC, Navarro JL. Thrombus age and tissue 
plasminogen activator mediated thrombolysis in rats. Thromb Res. 1989;56:67- 
76. 


Krypton Laser Photocoagulation 
for Neovascular Lesions of 
Age-Related Macular Degeneration 


To the Editor.—The Macular Photocoagulation Study 
(MPS) Group recently reported the results of a randomized 
clinical trial comparing krypton red laser photocoagulation 
with no treatment for choroidal neovascular lesions involv- 
ing the foveal avascular zone in patients with age-related 
macular degeneration.’ Although a thorough review of the 
literature was not the purpose of the report, earlier work by 
Yassur et al? had bearing on the MPS results and should 
have been cited. Their results from a randomized trial in- 
volving 123 eyes with age-related macular degeneration and 
neovascular lesions involving the foveal avascular zone 
showed that 37 (67% ) of 55 untreated eyes had deterioration 
in visual acuity in comparison with only 22 (32% ) of 68 eyes 
treated with krypton laser. The MPS results for similar eyes 
showed that 98 (58% ) of 169 untreated eyes in comparison 
with 86 (49% ) of 174 treated eyes had severe visual loss (six 
or more lines of visual acuity). In both trials, the krypton 
laser-treated eyes had a better visual outcome; however, the 
benefit of treatment was not as large in the MPS as in the 
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earlier trial. Differences between the trials in patient 
selection, treatment technique, and length of follow-up may 
have contributed to the differences in results. 
STUART L. FINE, MD 
BARBARA S. HAWKINS, MS 
MAUREEN G. MAGUIRE, PHD 
Macular Photocoagulation 
Study Group 
Baltimore, Md 


1. Macular Photocoagulation Study Group. Krypton laser photocoagula- 
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The Choice of Posterior Chamber 
Intraocular Lens Style in 
Patients With Diabetic Retinopathy 


To the Editor.—The correspondence of McCuen and 
Klombers! was timely and helpful. They point out the 
refractive consequences of vitreous surgery in pseudo- 
phakic eyes when temporary or permanent changes in the 
refractive index of the vitreous cavity are made (ie, with air, 
gas, or silicone). These refractive consequences may nega- 
tively affect the patient’s postoperative visual acuity and 
may make clinical examination and surgical treatment 
more difficult. For these reasons, the authors recommend 
that surgeons planning cataract surgery in patients with 
significant diabetic retinopathy consider using posterior 
chamber intraocular lenses (IOLs) with an optic diameter 
of 7 mm, no positioning holes, and a planoconvex configu- 
ration. 

While we certainly agree that a planoconvex posterior 
chamber lens has optical advantages in the above circum- 
stance compared with a biconvex lens, another, even better 
option exists. Perhaps for reasons of having to deal with a 
very complex optical subject in a brief space, the authors did 
not discuss the relative advantages of using a meniscus 
(convexoconcave) style IOL. We previously showed the the- 


oretical optical superiority of a meniscus IOL when vitre- 
ous cavity refractive index changes occur.’ 

In addition, the authors’ statement that “A flat surface 
does not have refractive power, regardless of the refractive 
index of the substances on each side” is misleading, for 
refraction will still occur whenever the light rays crossing 
the interface between two different refractive indexes are 
nonperpendicular to that interface. Refraction at the flat 
surface will always occur during physiologic conditions in 
a pseudophakic eye with a convexoplano IOL because light 
rays necessarily must be converging toward the visual axis 
as they cross the posterior IOL surface to focus at the fovea. 
Thus, substantial changes in total refraction will occur 
when such an eye undergoes changes in the refractive index 
of the vitreous cavity. If the vitreous is exchanged for air, 
for example, the eye will become about 15 diopters myopic. 
On the other hand, achieving a perpendicular incidence of 
light rays at the posterior surface of the IOL is best approx- 
imated if this lens surface is concave, with a radius of cur- 
vature equal to the distance from the fovea to the posterior 
lens surface. 

Although other issues may influence the choice of an IOL 
lens in this patient subpopulation, it is apparent that a 
large-diameter (6.5 to 7.0 mm), meniscus-style IOL optic 
without positioning holes is optically superior for patients 
likely to undergo vitreous cavity refractive index changes. 
These lenses are still available from several IOL manufac- 
turers. We congratulate the authors on raising a timely and 
underappreciated issue. 

DAVID L. McCARTNEY, MD 
Lubbock, Tex 


DaAviD L. GUYTON, MD 
Baltimore, Md 


1. McCuen BW II, Klombers L. The choice of posterior chamber intraoc- 
ular lens style in patients with diabetic retinopathy. Arch Ophthalmol. 
1990;108:1376-1377. 

2. McCartney DL, Miller KM, Stark WJ, Guyton DL, Michels RG. Intraoc- 
ular lens style and refraction in eyes treated with silicone oil. Arch Ophthal- 
mol. 1987;105:1385-1387. 


The authors of the original correspondence have chosen not to 
reply. — ED 


CORRECTION 


Incorrect Dosage.—In the letter entitled “Endophthalmitis Therapy: Changing Antibi- 
otic Sensitivity Patterns and Current Therapeutic Recommendations,” published in the 


February 1991 issue of the ARCHIVES (1991;109:175-176), an incorrect dosage was given in 
the second to last paragraph. The correct systemic dosage of gentamicin is 3 to 5 mg/kg 
per day in three divided doses administered intravenously. 
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Case Reports 





Episcleritis and Secondary 
Glaucoma 

After Transscleral Fixation ofa 
Posterior Chamber Intraocular Lens 


Transscleral fixation of a posterior 
chamber intraocular lens (PC IOL) is a 
method of implanting a pseudophakos 
in the absence of posterior capsular 
support.’ We describe a patient with 
secondary glaucoma and episcleritis 
associated with transscleral PC IOL 
fixation. 


Report of a Case.—A 62-year-old man 
underwent extracapsular cataract extrac- 
tion of his left eye with PC IOL implanta- 
tion in January 1988. Three months later, a 
lens explantation and anterior vitrectomy 
were performed for a subluxed implant. A 
subsequent extracapsular cataract extract 
of his right eye with PC IOL implantation 
in 1989 was uneventful. 

Because of contact lens intolerance, a PC 
IOL with 1 to 7 o’clock transscleral fixation 
1 mm from the limbus (JF3U00; Alcon 
Surgical, Ft Worth, Tex) was implanted on 
January 30, 1990. Hypotony prevented dis- 
section of partial-thickness scleral flaps to 
cover the knots securing the PC IOL at the 
exit sites (Figure). Two months later, cor- 
rected visual acuity was 20/25, intraocular 
pressure (IOP) was 11 mm Hg, and gonios- 
copy revealed bilaterally open angles. 

In April 1990, the patient complained of 
moderately severe left eye pain. Corrected 
visual acuity was 20/200, IOP was 68 mm 
Hg, and there was mild globe tenderness 
inferiorly without eye pain on eye move- 
ment. Biomicroscopy revealed microcystic 
corneal edema, a patent iridectomy, a deep 
and clear anterior chamber, and a well- 
positioned PC IOL. The conjunctiva and 
episclera were moderately injected with a 
mobile nodule obscuring the inferior trans- 
scleral suture. Results of gonioscopic ex- 
amination were unchanged. The vitreous 
was clear, and the fundus was unremark- 
able, with disc cupping of 0.2. After admin- 
istration of topical betaxolol hydrochloride, 
oral acetazolamide, and oral glycerin, the 
patient's IOP fell to 37 mm Hg. 

Ten hours later, when he was receiving 
betaxolol twice daily and acetazolamide ev- 
ery 6 hours, his IOP increased to 60 mm 
Hg. He received one 100-mg dose of intra- 
venous methylprednisolone sodium succi- 
nate, oral glycerin, 0.25% fluorometholone 
every 3 hours, 0.176 dexamethasone oint- 
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Superior subconjunctival transscleral suture 
(arrow) with mild surrounding injection. 


ment at night, and 80 mg of prednisone 
daily. Results of visual field testing, eryth- 
rocyte sedimentation rate, and collagen 
vascular test results were unremarkable. 
An orbital computed tomographic scan 
showed no scleral enhancement. The next 
day, his globe was nontender, the conjuncti- 


. va was less injected, and the IOP was 36 


mm Hg. One week later, his IOP was 24 
mm Hg, the conjunctiva was trace injected 
above the transcleral sutures (Figure), and 
no nodule was present. Four months later, 
the left eye appeared noninjected, visual 
acuity was 20/20, and the IOP was 20 mm 
Hg. The patient was receiving betaxolol 
twice daily. The right eye remained normo- 
tensive at all visits. 


Comment.—We believe our patient 
had nodular inflammation circumscrib- 
ing the inferior transscleral fixation 
suture causing a diffuse injection of the 
conjunctival and episcleral vessels. 
The episcleritis, in conjunction with a 
possible trabeculitis and inflammation 
of the limbal collector channels, likely 
contributed to the pathogenesis of the 
acute elevation in IOP by reducing 
outflow facility. Improved outflow fa- 
cility in response to steroid therapy of 
the angle structures is the theoretical 
mechanism for pressure reduction’; 
tonography might have substantiated 
this hypothesis. The absence of 
marked tenderness, pain with eye 
movement, deep vessel injection, cho- 


roidal effusions, scleral enhancement 
by computed tomographic scanning, a 
narrow angle caused by rotation of the 
ciliary body, or ulceration of the deep- 
er tissues further indicates episcleritis, 
not scleritis, as the cause of the in- 
creased IOP. 

Burying the polypropylene knots be- 
neath scleral flaps might have prevent- 
ed the suture-related episcleritis.” 
Placement of a Flieringa ring would 
have facilitated scleral flap dissection. 


RICHARD J. LEO, MD 
Toledo, Ohio 


DAVID J. PALMER, MD 
Chicago, Ill 


The authors do not have any commercial or pro- 
prietary interest in any of the products mentioned. 
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Intralesional Steroid in the 
Treatment of an 
Orbital Eosinophilic Granuloma 


Orbital eosinophilic granuloma (EG) is 
a rare, benign, clinical entity. Conven- 
tional, curative management includes 
surgical curettage and/or low-dose ir- 
radiation.’ We describe a patient treat- 
ed with intralesional steroid injection 
with computed tomographic guidance 
who had a complete response. 


Report of a Case.—A 17-year-old boy 
presented with a story of lid 
i in’ in September 1988. The 
nificant medical gr oph- 
ass was palpated be- 
per dièm al onbith l rim, 
| inferi CAY JRS ee 
«readings. s 16.5 mm 
S The e Teriiainder of the 
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Fig 1.—Computed tomographic scan of the orbit (coronal section). A 
large, bony defect in the roof of the right orbit and in the temporal bone 
is seen. The soft-tissue mass extends into the intracranial cavity 


(arrow). 


ocular examination findings were within 
normal limits. 

A computed tomographic scan demon- 
strated a large, soft-tissue mass located in 
the temporal quadrant of the right orbital 
roof, with extensive bony destruction and 
intracranial invasion (Fig 1). 

A complete systemic workup for dissemi- 
nated disease did not reveal any other site 
of pathology. An incisional biopsy was per- 
formed through an upper eyelid incision. 
The biopsy specimen consisted of fibroadi- 
pose tissue infiltrated by large, noncohe- 
sive, mononuclear cells. Very rare mitotic 
figures were seen. Small groups of eosino- 
phils intermingled with the mononuclear 
cells. The histologic and immunohistochemi- 
cal findings were characteristic of EG. 

Treatment consisted of percutaneous in- 
sertion and steroid injection with computed 
tomographic monitoring. The needle tip 
was directed at the center of the orbital 
lesion, into which 125 mg of methylpredni- 
solone sodium succinate was injected as a 
bolus. Within 1 week the patient noted 
relief of pain. Twelve months after the 
intralesional steroid treatment, complete 
tumor regression with osseous regeneration 
had occurred (Fig 2). 

Comment.—EG was first described 
in 1940 by Lichtenstein and Jaffe,” and 
in 1953 it was grouped with two other 
clinical entities, Hand-Schiiller-Chris- 
tian disease and Letterer-Siwe dis- 
ease, as histiocytosis X because of a 
common histogenesis and similar mor- 
phologic findings. These entities are 
currently considered part of a continu- 
ous clinical spectrum and classified as 
unifocal or multifocal EG or dissemi- 
nated histiocytosis X.' 

Eosinophilic granuloma is a disease 
of children and young adults that has a 
predilection for males. The clinical 
course is characterized by progressive 
local tissue destruction and infiltra- 
tion, with rare spontaneous remission. 
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The optimal treatment for a solitary 
osteolytic lesion is uncertain. Modal- 
ities range from extensive surgical cu- 
rettage to low-dose radiotherapy to 
intralesional steroid injection. 

If surgical curettage is considered 
the treatment of choice, orbital disease 
with intracranial extension could imply 
a neurosurgical approach, which is ag- 
gressive and, in light of the lesion’s 
benign nature, unwarranted. A partial 
tumor excision with adjunctive low- 
dose radiation is an alternative; how- 
ever, radiotherapy in a younger pa- 
tient is to be avoided because of 
potential osseous morbidity, including 
radiation-induced neoplasms and 
osteonecrosis. 

Wirtschafter and associates’ report- 
ed the successful treatment of an orbit- 
al EG with an intralesional steroid 
injection; however, this blind proce- 
dure in the management of an orbital 
lesion raised concerns about possible 
ocular or cranial complications. We be- 
leve that roentgenographic guidance 
decreases the risk of such morbidity. 
Intralesional methylprednisolone ther- 
apy with computed tomographic visu- 
alization is safe and efficacious, outdat- 
ing the use of more aggressive 
therapeutic modes in the management 
of this benign lesion. 

NADINE A. KINDY-DEGNAN, MD 
PIERRE LAFLAMME, MD 
GERARD DuPRAT, MD 

GUY S. ALLAIRE, MD 

Montreal, Quebec 
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Fig 2.—Computed tomographic scan of the orbit (coronal section) 1 
year after injection of methylprednisolone. The soft-tissue mass has 
regressed completely and a very small bony defect remains. 
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Haemophilus aphrophilus 
Endophthalmitis Associated 
With a Filtering Bleb 


Haemophilus is an extremely rare 
cause of endophthalmitis in the imme- 
diate postoperative period, but it is a 
well-established causative agent of 
late-onset endophthalmitis associated 
with either intentional or inadvertent 
filtering blebs.? To our knowledge, 
this is the first reported case of en- 
dophthalmitis due to Haemophilus 
aphrophilus in a patient with an inad- 
vertent bleb following cataract extrac- 
tion. 


Report of a Case.—A 51-year-old white 
man presented with a 5-day history of a red, 
painful right eye associated with decreased 
visual acuity of approximately 48 hours’ 
duration. His ocular history was significant 
for an uneventful extracapsular cataract 
extraction in the right eye with a posterior 
chamber intraocular lens placement 2 years 
earlier. He denied any recent history of fe- 
ver, chills, local eye trauma, cardiac valvu- 
lar disease, recent sinusitis, or oral soft- 
tissue infections. 

Visual acuity was light perception in the 
right eye and 20/20 OS. There was no 
evidence of an afferent pupillary defect. A 
filtering bleb filled with white debris was 
noted in the right eye superiorly. Biomicro- 
scopic evaluation revealed a grossly intact 
conjunctiva over the bleb; however, a posi- 
tive Seidel test (pinpoint leak) was noted 
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directly over the bleb. The anterior cham- 
ber was formed with a 15% to 20% hy- 
popyon and a 4+ fibrinous exudate. Results 
of ultrasonography indicated dense ante- 
rior vitreous opacities and less dense scat- 
tered vitreous opacities throughout. 

On initial evaluation, the head and neck 
examination failed to show any evidence of 
active sinusitis or bruits. The patient was 
edentulous. The heart examination find- 
ings were unremarkable. The patient was 
admitted to the hospital after direct swabs 
of the conjunctival tissue overlying the bleb 
were obtained and sent for culture. A pars 
plana core vitrectomy was performed, and 
a vitreous sample was obtained and sent for 
cultures. Intravitreal injections of 200 ug of 
gentamicin sulfate and 400 ug of dexa- 
methasone sodium phosphate were admin- 
istered after a Grams stain of the vitreous 
sample revealed gram-negative organisms. 
Subconjunctival gentamicin and dexa- 
methasone were injected immediately after 
surgery, and systemic gentamicin and ce- 
fazolin sodium were administered, along 
with topical steroids and antibiotic drops. 

The preoperative conjunctival and in- 
traoperative vitreous cultures yielded H 
aphrophilus (8-lactam negative) sensitive 
to gentamicin, cefazolin, and ampicillin so- 
dium. On the fourth hospital day, the pa- 
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tient's visual acuity was measured at hand 
motions at 1 ft and the ocular pain had de- 
creased significantly. He was discharged 
the same day, with a retracting fibrin clot in 
the anterior chamber; he was treated with 
oral ampicillin, topical antibiotics, and ste- 
roids. 

Subsequent follow-up clinic visits 
showed a gradual and steady improvement 
in this patient’s visual acuity. Nine months 
after his initial visit, the patient’s visual 
acuity improved to 20/80 OD. Chronic post- 
operative corneal epithelial changes and a 
moderate amount of pigment deposition on 
the intraocular lens probably contributed, 
to some extent, to his visual loss, since po- 
tential acuity meter testing disclosed an 
improved visual acuity of 20/70 OD. 


Comment.—H aphrophilus, a fastid- 
ious, pleomorphic, aerobic, gram-neg- 
ative coccobacillus, is an uncommon 
human pathogen that was first iso- 
lated by Khairat in 1940 from an en- 
docarditis lesion. Since that time, this 
organism has been reported in many 
medically important human infec- 
tions, including endocarditis, osteomy- 
elitis, meningitis, brain abscesses, ab- 
dominal wound infections, and infec- 


Fig 1.—Clinical appearance of the right eye on initial presenta- 
tion showing the infected bleb in the 12-o'clock position, corneal 
haze, and hypopyon. The lesion in the 3-o'clock position is a 


Fig 2.— Appearance of the right eye 2 months after treatment; 
visual acuity is 20/200. 





tion associated with the oropharynx.’ 

Although late-onset endophthalmi- 
tis has been recognized as a complica- 
tion of filtering blebs for many years, 
it was not until 1978 that Forster? de- 
scribed three cases of late-onset bleb- 
associated endophthalmitis implicat- 
ing Haemophilus species as an etio- 
logic agent for this disease. In 1985, 
Mandelbaum and Forster! reported 
Haemophilus influenzae as the caus- 
ative organism in 23% of eyes with 
late-onset, bleb-associated endoph- 
thalmitis. Transconjunctival bacterial 
migration through very thin-walled 
filtering blebs as well as direct spread 
have been described as possible modes 
of pathogenesis to account for late 
cases of endophthalmitis. 

Our patient, who presented with 
endophthalmitis associated with an 
infected inadvertent bleb 2 years after 
an apparent uncomplicated cataract 
extraction, showed many of the char- 
acteristics previously described with 
filtering bleb-associated endophthal- 
mitis. He had a sudden onset of ocular 
pain and redness without warning ina 
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previously symptomless eye. No pre- 
cipitating or contributing factors, such 
as trauma, contact lens wear, recent 
upper respiratory infection, or con- 
junctivitis, could be identified. The 
conjunctiva overlying the bleb ap- 
peared biomicroscopically grossly in- 
tact except for a small Seidel-positive 
pinpoint leak, and, although not com- 
monly observed, both vitreous and con- 
junctival cultures were positive for the 
same organism. 
. Visual outcome in patients with 
bleb-associated Haemophilus species 
endophthalmitis is usually poor, and it 
is generally believed that visual out- 
come is closely related to the virulence 
of the organism. In Mandelbaum and 
Forster's! report of late-onset endoph- 
thalmitis associated with filtering 
blebs, only two of the seven patients 
with Haemophilus species endoph- 
thalmitis retained a visual acuity of 
better than counting fingers. Visual 
recovery in our patient was better than 
expected for a case of Haemophilus in- 
fection; however, the short duration of 
symptoms at presentation and prompt 
treatment may have contributed to 
this result. 
ORLANDO ALVAREZ, MD 
JOSE MORALES, MD 
DAVID L. MCCARTNEY, MD 
DONALD R. May, MD 
KEVIN ALLISON, MD 
Lubbock, Tex 
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Platysma-Levator Synkinesis in 
Congenital Third Nerve Palsy 


Congenital third nerve palsy is an un- 
common condition that may result 
from perinatal trauma to the peripher- 
al oculomotor nerve or from brain- 
stem injury in utero.' Several reports 
have documented oculomotor synkine- 
sis in this condition, which may pro- 
duce elevation of the ptotic eyelid on 
attempted depression or adduction of 
the affected eye. We describe a pa- 
tient with an unusual congenital third 
nerve palsy who had episodic upper- 
eyelid elevation caused by a platysma- 
levator synkinesis. 
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Fig 1.—Right upper eyelid ptosis when the 
platysma muscle is relaxed. 


Report of a Case. — A 4-year-old girl was 
referred for evaluation of a right congenital 
third nerve palsy. Although there was no 
history of birth trauma or forceps delivery, 
she had a birthmark on the right side of her 
forehead until age 1 year. A previous neu- 
rologie examination disclosed no other ab- 
normalities. Results of a high-resolution 
magnetie resonance scan of the head and 
orbits with gadolinium enhancement were 
normal. 

Corrected visual acuity was 20/100 OD 
and 20/20 OS. The right pupil was 3.5 mm 
and unreactive to light. The left pupil was 5 
mm and reacted briskly to light. She was 
unable to elevate, depress, or adduct the 
right eye, but abduction was full. The right 
eye intorted on attempted downgaze. She 
had 65 diopters (D) of exotropia and 20 D of 
right hypotropia fixing in primary position 
with her left eye. There was a complete 
right-upper eyelid ptosis (Fig 1). The fore- 
head was prominent above the right eye, 
and a tiny cluster of cutaneous blood vessels 
was visible in this area. Results of slit-lamp 
and retinal examinations were normal. 

When we observed the child for several 
minutes, the ptotie upper eyelid would, at 
times, rapidly elevate and depress, giving 
the appearance of “lid hopping." When the 
child became upset, the right upper eyelid 
would tonically retract for a period ranging 
from 5 to 30 seconds (Fig 2). When the 
eyelid retracted, the position of the globe 
and the size of the pupil did not change. 
Elevation of the eyelid could not be elicited 
with any direction of gaze. When the child 
opened her mouth, moved her jaw from side 
to side, swallowed, sucked on candy, or 
clenched her teeth, the right upper eyelid 
remained ptotic. When she voluntarily con- 
tracted her platysma muscle by drawing the 
sides of her mouth downward, the right 
upper eyelid would promptly retract (Fig 
2), then slowly relax when the effort was 
discontinued. Because the child could con- 
tract her platysma muscle without a visible 
change in facial expression, it was initially 
difficult to establish whether the eyelid 
elevation represented a synkinetic move- 
ment or an episodic levator contraction, like 
that which occurs in congenital third nerve 
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Fig 2.— Retraction of the right upper eyelid 
when the platysma muscle is contracted. 


palsy with cyclie spasm. On subsequent 
examinations, however, it became evident 
that intermittent variations in platysma 
tone produced synkinetie contractions of 
the paretic levator muscle, manifesting clin- 
ically as lid hopping with episodic lid 
retraction. 

Comment.—The platysma muscle is 
innervated by the cervical branch of 
the facial nerve.” Facial nerve misdi- 
rection involving the extraocular mus- 
cles has been described’ in two other- 
wise normal patients who displayed 
adduction of one eye during frontalis 
muscle contraction. In contrast to 
pterygoid-levator synkinesis (Marcus 
Gunn jaw winking), which is a common 
trigeminal misdirection syndrome, fa- 
cial nerve misdirection to the levator 
muscle has not been described. 

Unilateral platysma-levator synkin- 
esis in our patient is incompatible with 
neuronal miswiring at the nuclear level 
of the brain stem, because both levator 
muscles are simultaneously innervated 
by one oculomotor subnucleus. The 
absence of associated neurologic ab- 
normalities in our patient, together 
with findings suggestive of a congeni- 
tal defect directly above the levator 
muscle, suggests that she suffered a 
gestational insult to the peripheral oc- 
ulomotor nerve resulting in anatomic 
rerouting of distal facial neurons di- 
rectly to the paretic levator muscle. 


MICHAEL C. BRODSKY, MD 
Little Rock, Ark 
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The first fluoroquinolone for both bacterial conjunctivitis and corneal ulcer 


INTRODUCING NEW 


ciprofloxacin HUI) 0.3% as Base 
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OFFERS A BROAD SPECTRUM OF COVERAGE 
AND POTENT IN VITRO ACTIVITY 


CILOXAN is 
effective 
against these 
organisms 
clinically and 
in vitro 


CILOXAN is 
active 
against these 
organisms 
in vitro* 
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Important Ocular Pathogens 
Pseudomonas aeruginosa 
Serratia marcescens 
Staphylococcus aureus 
Staphylococcus epidermidis 
Streptococcus pneumoniae 
Streptococcus (Viridans Group) 


Important Ocular Pathogens 
Hemophilus influenzae 
Acinetobacter calcoaceticus 
Chlamydia trachomatis 
Citrobacter species 
Enterobacter species 
Escherichia coli 

Klebsiella pneumoniae 
Mycobacterium tuberculosis 
Neisseria species 

Proteus species 


“The clinical significance of these in vitro data is unknown. 
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THE FIRST OF A STRONG NEW CLASS 
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t AFTER ONLY 7 DAYS, IMPRESSIVE RESULTS 
FOR BACTERIAL CONJUNCTIVITIS 
After only 7 days, CILOXAN"" is microbiologically and clinically effective 


in lessening the intensity and shortening the duration of serious 
bacterial conjunctivitis. 





Frequently Isolated Patients with Complete 
. Causative Organisms Eradication 
" Staph ylococcus aureus 7896 
Staphylococcus epidermidis 
Streptococcus pneumoniae 
CLINICAL SIGNIFICANCE 
, After only 7 days, 1 of every 2 patients was completely 


resolved of signs and symptoms (n — 109). 


Please see brief summary of prescribing information to follow. 
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POWERFUL ENOUGH TO TREAT EVEN 
THE TOUGHEST OCULAR INFECTIONS 


Clinical success’ for corneal ulcer patients 
on single-agent CILOXAN therapy 


91.8% 
Overall 
15.5% 
Improved 


76.3% 
Cured 


(n=148) 


* Clinical success is defined as resolution of bacterial infection and 
complete re-epithelialization of the cornea. 


THE POWER TO SUCCEED AS SINGLE-AGENT THERAPY 


Clinical success for corneal ulcer patients was achieved using CILOXAN 
as single-agent therapy, without the inclusion of fortified, systemic, 
subconjunctival injections, or other topical therapy. 
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7 SHORT DURATION OF THERAPY 


Average Number of Days on Therapy for Corneal Ulcer Patients 
CILOXAN (n=148) 21.5 





AFTER ONLY 3 DAYS OF THERAPY, 63% OF CORNEAL 
^ ULCERS WERE COMPLETELY RE-EPITHELIALIZED 


Percent of corneal ulcers with complete 
re-epithelialization over time (n=148) 
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WELL ACCEPTED IN EXTENSIVE 
CLINICAL TRIALS 


9% 


Patient acceptance level of CILOXAN is very high. In extensive clinical 
studies, 99% of patients treated with CILOXAN completed therapy. The 
most frequently reported drug related adverse reaction was local 
burning or discomfort. In corneal ulcer studies involving 210 patients 
with frequent administration of the drug, white crystalline precipitates 
were seen in approximately 17% of patients. The precipitate did not 
preclude continued use of CILOXAN, nor did it adversely affect the 
clinical course of the ulcer or visual outcome. 
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therapy (nz950) 





CIPROFLOXACIN HAS EXHIBITED A 
LOW FREQUENCY OF RESISTANCE 


CILOXAN attacks bacteria differently by destroying bacteria through 
inhibition of the DNA gyrase. Therefore, resistance is not plasmid 
mediated, nor is CILOXAN inactivated by bacterial enzymes. Only 
chromosomal mutation has been identified as a possible cause of 
bacterial resistance to fluoroquinolones. 


CILOXAN does not cross-react with other antimicrobial agents such as 
beta-lactams or aminoglycosides; therefore organisms resistant to 
these drugs may be susceptible to CILOXAN. 
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THE CILOXAN DIFFERENCE 





SPECTRUM, POWER, AND SPEED ENHANCED 
BY A DIFFERENCE IN CHEMICAL STRUCTURE 


CILOXAN is truly unique in its chemical structure. CILOXAN is the only 
fluoroquinolone with a cyclopropyl group which increases the overall 
potency of the drug. 
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Clliexan 


(ciprofloxacin HCI) 0.3% as Base 
sterile Ophthalmic Solution 


PECTRUM 


A broad spectrum of activity against important ocular pathogens 


quen 


The power to treat even the toughest ocular infections 


EEO 


Rapid resolution of serious ocular infections 







PLEASE SEE BRIEF SUMMARY OF PRESCRIBING INFORMATION ON THE NEXT PAGE. 
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DESCRIPTION: CILOXAN™ (Ciprofloxacin HCI) Ophthalmic Solution is 
asynthetic, sterile, multiple dose, antimicrobial for topical ophthalmic use. 


INDICATIONS AND USAGE: CILOXAN™ Ophthalmic Solution is indi- 
cated for the treatment of infections caused by susceptible strains of 
the designated microorganisms in the conditions listed below: 
Corneal Ulcers: Pseudomonas aeruginosa 

Serratia marcescens“ 

Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae 

Streptococcus (Viridans Group)* 
Conjunctivitis: Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae” 
*Efficacy for this organism was studied in fewer than 10 infections. 


CONTRAINDICATIONS: A history of hypersensitivity to ciprofloxacin or 
any other component of the medication is a contraindication to its use. 
A history of hypersensitivity to other quinolones may also contraindi- 
cate the use of ciprofloxacin. 


WARNINGS: NOT FOR INJECTION INTO THE EYE. 
Serious and occasionally fatal hypersensitivity (anaphylactic) reac- 
tions, some following the first dose, have been reported in patients 
receiving systemic quinolone therapy. Some reactions were accompa- 
nied by cardiovascular collapse, loss of consciousness, tingling, pha- 
ryngeal or facial edema, dyspnea, urticaria, and itching. 
Only a few patients had a history of hypersensitivity reac- 
tions. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine and other resus- 
citation measures, including oxygen, intravenous fluids, 
intravenous antihistamines, corticosteroids, pressor 
amines, and airway management, as clinically indicated. 


PRECAUTIONS: 

General: As with other antibacterial preparations, pro- 
longed use of ciprofloxacin may result in overgrowth of 
nonsusceptible organisms, including fungi. If superinfec- 
tion occurs, appropriate therapy should be initiated. 
Whenever clinical judgment dictates, the patient should 
be examined with the aid of magnification, such as slit 
lamp biomicroscopy and, where appropriate, fluorescein = 
staining. ees 

Ciprofloxacin should be discontinued at the first 
appearance of a skin rash or any other sign of hypersen- 
sitivity reaction. 

In clinical studies of patients with bacterial corneal ulcer, a white 
crystalline precipitate located in the superficial portion of the corneal 
defect was observed in 35 (16.696) of 210 patients. The onset of the pre- 
cipitate was within 24 hours to 7 days after starting therapy. In one 
patient, the precipitate was immediately irrigated out upon its appear- 
ance. In 17 patients, resolution of the precipitate was seen in 1 to 8 days 
(seven within the first 24-72 hours), in five patients, resolution was 
noted in 10-13 days. In nine patients, exact resolution days were unavail- 
able; however, at follow-up examinations; 18-44 days after onset of the 
event, complete resolution of the precipitate was noted. In three 
patients, outcome information was unavailable. The precipitate did not 
preclude continued use of ciprofloxacin, nor did it adversely affect the 
clinical course of the ulcer or visual outcome. (SEE ADVERSE 
REACTIONS). 


Drug Interactions: Specific drug interaction studies have not been 
conducted with ophthalmic ciprofloxacin. However, the systemic admin- 
istration of some quinolones has been shown to elevate plasma con- 
centrations of theophylline, interfere with the metabolism of caffeine, 
enhances the effects of the oral anticoagulant, warfarin, and its deriva- 
tives and has been associated with transient elevations in serum creati- 
nine in patients receiving cyclosporine concomitantly. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro 


mutagenicity tests have been conducted with ciprofloxacin and the test 
results are listed below: 
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Salmonella/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 
Chinese Hamster V7s Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transformation Assay (Negative) 
Saccharomyces cerevisiae Point Mutation Assay (Negative) 
Saccharomyces cerevisiae Mitotic Crossover and Gene 
Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 


Thus, two of the eight tests were positive, but the results of the following 
three in vivo test systems gave negative results: 


Rat Hepatocyte DNA Repair Assay 
Micronucleus Test (Mice) 
Dominant Lethal Test (Mice) 


Long term carcinogenicity studies in mice and rats have been com- 
pleted. After daily oral dosing for up to two years, there is no evidence 
that ciprofloxacin had any carcinogenic or tumorigenic effects in these 
species. 


Pregnancy-Pregnancy Category C: Reproduction studies have been 
performed in rats and mice at doses up to six times the usual daily 
human oral dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to ciprofloxacin. In rabbits, as with most antimicro- 
bial agents, ciprofloxacin (30 and 100 mg/kg orally) produced gastroin- 
testinal disturbances resulting in maternal weight loss and an increased 
incidence of abortion. No teratogenicity was observed at 
either dose. After intravenous administration, at doses up 
to 20 mg/kg, no maternal toxicity was produced and no 
embryotoxicity or teratogenicity was observed. There 
are no adequate and well controlled studies in pregnant 
women. CILOXAN™ Ophthalmic Solution should be 
used during pregnancy only if the potential benefit justi- 
fies the potential risk to the fetus. 


Nursing Mothers: It is not known whether topically 
applied ciprofloxacin is excreted in human milk; however, 
it is known that orally administered ciprofloxacin is 
excreted in the milk of lactating rats and oral ciprofloxacin 
has been reported in human breast milk after a single 
500 mg dose. Caution should be exercised when 
CILOXAN™ Ophthalmic Solution is administered to a 
nursing mother. 
__. Pediatric Use: Safety and effectiveness in children 
—" below the age of 12 have not been established. Although 
ciprofloxacin and other quinolones cause arthropathy in 
immature animals after oral administration, topical ocular administration 
of ciprofloxacin to immature animals did not cause any arthropathy and 
there is no evidence that the ophthalmic dosage form has any effect on 
the weight bearing joints. 


ADVERSE REACTIONS: 

The most frequently reported drug related adverse reaction was local 
burning or discomfort. In corneal ulcer studies with frequent administra- 
tion of the drug, white crystalline precipitates were seen in approxi- 
mately 17% of patients (SEE PRECAUTIONS). Other reactions 
occurring in less than 10% of patients included lid margin crusting, crys- 
tals/scales, foreign body sensation, itching, conjunctival hyperemia and 
a bad taste following instillation. Additional events occurring in less than 
1% of patients included corneal staining, keratopathy/keratitis, allergic 
reactions, lid edema, tearing, photophobia, corneal infiltrates, nausea 
and decreased vision. 

OVERDOSAGE: A topical overdose of CILOXAN™ Ophthalmic Solu- 
tion may be flushed from the eye(s) with warm tap water. 

ANIMAL PHARMACOLOGY: Ciprofloxacin and related drugs have 
been shown to cause arthropathy in immature animals of most species 
tested following oral administration. However, a one-month topical ocu- 
lar study using immature Beagle dogs did not demonstrate any articular 
lesions. 

U.S. Patent No. 4,670,444 
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Where lechnique Anc 
Technology Go Hand In Hand 


Standard phaco needle — "d 
EC "d 
oe” Y SmallPort™ needle 


Unique “small port"' design allows increased aspi- 
ration levels while decreasing need for phaco power. 
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RATA 2 7 Vr ET 


Linear vacuum precisely controls the nudeus. 
Greater needle area results in efficient ultrasound. 


The reliable STORZ PREMIERE™ Microsurgical Sys- 
tem—A new standard in phaco control technology. 


Storz fulfills the promise of 
phacoemulsification. . . 


More than any other surgical innovation, 
phacoemulsification has revolutionized the art 
and science of cataract extraction. Now Storz 
Ophthalmics introduces a major breakthrough 
in phaco. PREMIERE SmallPort™ Phaco Micro- 
surgical System—an innovation that decreases 
the need for total phaco power by utilizing full 
range Venturi aspiration and maximizing 
acoustic power efficiency. 


The new PREMIERE SmallPort™ Phaco System 
is unique in that one handpiece may be used 
for the entire phaco procedure—from emulsify- 
ing the hard nudeus or aspirating a soft 
nudeus to cortical deanup and polishing the 
capsule. There's no need to exit and reenter 
the eye with a second instrument. 


The revolutionary SmallPort™ Phaco is availa- 
ble exclusively on the STORZ PREMIERE. The 
PREMIERE, the most advanced and reliable 
microsurgical system available, features precise 
Venturi pump technology for the maximum 

in surgeon control. With PREMIERE, you can 
finally perform phacoemulsification at its 

full potential. 


The Single Source for Small Incision Surgery™ 


Call 1-800-325-9500 for more information. 





SightFirst: Lions Conquering Blindness 


Oak Brook, Ill. — The Lions Clubs International have 
launched their attack on preventable and reversible 
blindness with SightFirst, one of the most comprehen- 
sive and far-reaching blindness prevention programs 
ever undertaken by a volunteer service organization. 

There are 40 million blind people in the world today, 
and it is estimated that, in 25 years, that number will 
double. Eighty percent of this current blindness could 
have been prevented or can be cured. The Lions Clubs 
International have accepted the challenge of bringing 
blindness under control on a global scale. 

The Lions Clubs International has been associated 
with fighting blindness since 1925, when Helen Keller 
called on the Lions to become "Knights of the Blind." 
Since that time they have saved the sight of millions. 
Now, going a step further, the Lions have designed a 
program to dramatically reduce the incidence and prev- 
alence of preventable and curable blindness. 

SightFirst seeks to remedy blindness by providing 
quality eye care delivery systems to millions who suffer 
blindness needlessly. The targeted causes of prevent- 
able and curable blindess are cataract, glaucoma, dia- 
betic retinopathy, onchocerciasis, trachoma, and xe- 
rophthalmia. The projects will focus on developing 
health care infrastructures and eye care delivery sys- 
tems in countries where blindness is endemic. Ninety 
percent of those persons losing sight live in developing 
countries. Therefore, the first eight projects are 
planned for Latin America. 

The SightFirst projects will be conducted on national 
or district levels within countries under the guidance of 
a technical adviser. The technical advisers will be oph- 
thalmologists employed by the Lions Clubs Interna- 
tional to help local Lions determine the causes and 
prevalence of blindness in their region. The advisers 
will assist in designing a SightFirst project and ensure 
that the project coincides with the national blindness 
prevention program of that country, as well as follow- 
ing the SightFirst guidelines. The advisers will also see 
that the projects employ appropriate technology, do 
not duplicate existing efforts to prevent and cure blind- 
ness, and are able to continue operating beyond the life 
of Lions’ direct involvement. 

The blindness prevention strategies adopted by the 
Lions for their SightFirst project are: 


Julie Foreman, MS, Section Editor 
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e To develop and/or strengthen the primary care 
infrastructure. SightFirst projects will build eye care 
hospitals, establish rural clinics, and provide mobile 
eye care units to serve remote communities. 

e lo develop manpower and managerial skills. 
SightFirst projects will provide fully trained ophthal- 
mologists, eye care auxiliaries, and surgical assistants 
as well as provide basic eye care training to community 
health care workers. 

€ To promote community mobilization. The key to 
blindness prevention is publie education and awareness 
ofthe threat of blinding diseases, such as glaucoma and 
diabetic retinopathy. All SightFirst projects will pro- 


‘mote the importance of regular eye examinations and 


preventive eye care practices. 

e To further operations research. SightFirst pro- 
jects will compile vital information that will enable 
future programs to determine the effectiveness of dif- 
ferent blindness prevention models. 

The anticipated cost of the program is $100 million 
and is to be funded primarily through the Lions Clubs 
International Foundation. Additional funds are being 
provided by corporations and foundations in many ar- 
eas of the world. SightFirst grants will be awarded to 
Lions Clubs organized on a national level to fund pro- 
jects that address the specific eye care needs of that 
region. The program is to be implemented over a 6-year 
period. 

The idea for Sight First came about in 1988, when the 
Long Range Planning Committee of Lions Clubs Inter- 
national began to explore how the organization could 
make the greatest impact in humanitarian service. The 
committee selected reducing blindness on a greater 
level as the goal. In March 1989, Lions Clubs Interna- 
tional began to establish a global blindness prevention 
effort. The first eight projects are now in the planning 
stages. 

Along with the immediate benefits of the projects, 
SightFirst will provide long-term benefits for the fight 
against blindness, such as reducing the millions of peo- 
ple who have curable forms of blindness, providing a 
major boost to the worldwide effort to ultimately eradi- 
cate preventable blindness, further developing the 
health care infrastructure of many developing nations, 
and providing a model for a more effective private/pub- 
lie partnership in delivering health care. 

JULIE FOREMAN, MS 


In Focus 


Book Reviews 
Edited by Daniel M. Albert, MD 





Atlas of Contemporary Ophthalmic 
Surgery, edited by Henry M. Clayman, 
1060 pp with illus, St Louis, Mo, CV 
Mosby Co, 1990, $145. 


Henry M. Clayman notes in his fore- 
word to this 1000-page atlas that the 
“contemporary spurt of progress in 
ophthalmology has necessitated a new 
atlas” and “I have tried to produce a 
comprehensive work without miring 
the reader in variations of technique.” 

The Atlas of Contemporary Oph- 
thalmic Surgery is divided into eight 
sections, including corneal surgery, 
cataract surgery, glaucoma, strabis- 
mus, vitreous, retinal, and ophthalmic 
plastic and orbital surgery. A good 
portion of the atlas is devoted to the 
excellent illustrations by Virginia 
Hoyt Cantaralla and Monika Bittman, 
which add a considerable dimension to 
the atlas itself. 


“This book represents a good addi- 


tion for the general ophthal- 
mologist....” 


Because there are relatively few au- 
thors involved with the atlas, there is 
some tendency for the authors’ indi- 
vidual biases to show with regard to 
surgical techniques. An example is 
Charles’ discussion of cryopexy vs ret- 
inal diathermy, in which rather dog- 
matic statements are made favoring 
diathermy. Similarly, in the section on 
electrophysiologic testing, the author 
expresses his belief that it is of limited 
value in certain types of vitreoretinal 
disorders. 

The other chapters present a rela- 
tively broad approach to the main spe- 
cialty surgical procedures. Emphasis 
is placed on the surgical technique it- 
self, but brief reviews of the preoper- 
ative and postoperative evaluation are 
presented. Complications of surgical 
techniques are discussed at the end of 
each chapter. In general, the atlas de- 
scribes only one type of surgical ap- 
proach or technique in each section, 
but these techniques are in common 
use today and have had excellent sur- 
gical results. 

The volume’s detractions include a 
33-page discussion of keratoprosthesis 
in the cornea section (which is about 
equal to the space devoted to the chap- 
ter on penetrating keratoplasty itself). 
One wonders if this amount of cover- 
age is necessary given the few kerato- 
prostheses actually implanted today. 
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In addition, the ocular plastic and or- 
bital section did not have a section on 
lacrimal surgery. This is a significant 
omission, considering how frequently 
lacrimal procedures are done today. 
Despite this fault, the various sub- 
chapters on eyelid malpositions, or- 
bital fracture repair, and eyelid recon- 
structive surgery are well summa- 
rized. 

On a positive note, the sections on 
cataract and glaucoma surgery are 
well written, and the strabismus sec- 
tion is also clear and concise. Heavy 
emphasis is also placed on retinal laser 
techniques, including therapy for 
sickle cell retinopathy, toxoplasmic re- 
tinitis, central serous retinopathy, and 
other retinal disorders. 

This book represents a good addition 
for the general ophthalmologist who 
seeks a basic review of certain ocular 
and orbital surgical procedures. How- 
ever, it does not provide enough de- 
tailed information for the subspecial- 
ist. It is an acceptable review of surgi- 
cal techniques for the ophthalmologist 
and serves as a good reference source 
for the medical library. The atlas was 
written from the outlook of several 
outstanding ophthalmologists and re- 
flects their individual viewpoints. Per- 
haps its most positive attribute is its 
excellent illustrations. Done, for the 
most part, by two illustrators, these 
illustrations lend an attractive conti- 
nuity to the entire text. 

DANIEL J. TOWNSEND, MD 
Boston, Mass 


Laser Photocoagulation of the Mac- 
ula, edited by Lawrence A. Yannuzzi, 133 
pp with illus, Philadelphia, Pa, JB Lippin- 
cott, 1989, $75. 


During the past few years, several 
major clinical trials have been con- 
ducted to evaluate the efficacy of laser 
photocoagulation in the treatment of 





* ..excellent review of the cur- 
rent management of each macular 
disorder." 





various macular diseases. There exists 
a wealth of outstanding literature pub- 
lished by the Macular Photocoagula- 
tion Study, Early Treatment Diabetic 
Retinopathy Study, and Branch Reti- 
nal Vein Occlusion Study groups. The 
conclusions of these studies have rev- 
olutionized the management of macu- 
lar diseases. 


This book concentrates primarily on 
the most common retinal disorders, 
including age-related macular degen- 
eration, diabetic retinopathy, and ret- 
inal vein occlusion. In addition, suc- 
cinct coverage is devoted to the less 
common macular diseases. This book is 
divided into concise chapters that re- 
view the key clinical findings of each 
disease. The quality of the fluorescein 
angiograms is excellent, and they are 
representative of the pathologic pro- 
cesses described. 

The major strength of this book is its 
excellent review of the current man- 
agement of each macular disorder. The 
indications for treatment and the pro- 
jected treatment results are thor- 
oughly detailed and provide ophthal- 
mologists with the basic knowledge 
necessary to care for their patients. 
Topics in this book that have not been 
adequately studied in clinical trials 
are intelligently discussed, thereby en- 
abling the reader to develop a treat- 
ment strategy. The superb references 
are up to date and comprehensive and 
allow the reader to pursue a more 
complete study of the specific clinical 
trials. 

This very timely publication accu- 
rately analyzes a tremendous amount 
of relevant information obtained from 
a large number of recent clinical stud- 
ies. The beginning ophthalmology res- 
ident and the more experienced gen- 
eral ophthalmologist will appreciate 
the value of this volume for a review of 
the current methods of managing spe- 
cific macular disorders. One hopes that 
similar efforts will be made to review 
the combined results of future clinical 
trials, and that they will be of this high 
quality. 

PAUL ARRIGG, MD 
Boston, Mass 


Laser: Its Clinical Uses in Eye Dis- 
eases, 2nd ed, by lan J. Constable and 
Arthur S. M. Lim, 207 pp with 216 color il- 
lus, Singapore, PG Publishing PTE Ltd, 
1990, $90. 


This compact text, according to the 
preface, is designed to be “... small 
and practical with the hope that it will 
continue to be of value to busy oph- 
thalmic clinicians.” Nine years have 
passed since publication of the first 
edition; the second edition contains 
expanded sections on the treatment of 
retinal disease, with new chapters on 
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the neodymium (Nd)-YAG laser, glau- 
coma treatments, laser photocoagula- 
tion for age-related maculopathy, and 
the principles of YAG and excimer la- 
sers. 

This edition retains some of the ex- 
cellent photographs from the first edi- 
tion, but with appropriate additions 
and updates. The quality of the photo- 
graphic reproductions is excellent, and 
the use of color photographs through- 
out greatly enhances the effectiveness 
of the clinical examples. The photo- 
graphs are located at the end of each 
chapter rather than throughout the 
text, but this is a minor drawback. 





“... notable for its high-quality il- 
lustrations, and many clinicians 
will find a review of both common 
and uncommon cases to be inter- 
esting." 





The text is, unfortunately, often 
vague about specific treatment guide- 
lines. General ranges of parameters 
are given, but with no guidance on the 
variables that will affect the specific 
choice of laser parameters for given 
cases. Numerous photographs are in- 
cluded of patients before receiving la- 
ser treatment, but posttreatment pho- 
tographs are not always included. The 
captions frequently lack the specific 
parameters used. The educational 
value of these photographs is, there- 
fore, reduced. 

At the end of the text, several refer- 
ences are given for each chapter. These 
references are highly selective, how- 
ever, and do not include some of the 
major publications relevant to the 
treatment under discussion. In addi- 
tion, the references are often curiously 
out of date. For example, in the chap- 
ter on Nd-YAG laser, entirely new in 
the second edition, the most recent 
reference is 1984. Even granting that 
the intent of the text is to be a practi- 
cal guide, specific references within the 
text to the literature would be helpful 
for the reader to understand the au- 
thors' basis for recommending specific 
treatments and laser parameters. 

The authors clearly are presenting 
their own clinical approach and opin- 
ions, but they do not indicate where 
this approach deviates from main- 
stream practice in the literature. For 
example, late closure of an argon laser 
iridotomy is not mentioned in the text, 
and it is far down the list in a tabular 
compilation of complications of the 
argon laser iridotomy. However, clo- 
sure of the iridotomy is mentioned as 
a complication of Nd-YAG laser iri- 
dotomy. Under retinal complications 
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of Nd-Y AG laser capsulotomy, the au- 
thors write that "retinal detachment 
...Occurs more frequently in eyes with 
thickened capsules without an implant 
in which the vitreous tends to move 
forward." This opinion is not substan- 
tiated by a reference, and the bulk of 
the published literature on Nd-YAG 
laser capsulotomy fails to substantiate 
this conclusion. 

This book is notable for its high- 
quality illustrations, and many clini- 
cians will find a review of both common 
and uncommon cases to be interesting. 
As a teaching text for residents and 
fellows, however, the unsubstantiated 
opinions and clinical comments may be 
confusing, if not misleading. The ex- 
perienced practitioner who seeks a 
concise reference to check on specific 
treatment approaches will be disap- 
pointed in a number of instances. 

ROGER F. STEINERT, MD 
Boston, Mass 


Ophthalmic Surgery (Looseleaf and 
Update Service), edited by Thomas D. 
Lindquist and Richard L. Lindstrom, 478 
pp with illus, St Louis, Mo, Mosby- Year- 
book Inc, 1990, $195. 


This book is an exciting operative 
atlas and update service. It contains 
sections covering important surgical 
procedures in the areas of cataract, 
glaucoma, cornea, ocular motility, 
plastic and reconstructive surgery, 
and lasers. Each section is subdivided 
into chapters, and at the end of every 
chapter abstracts from important oph- 
thalmic articles are presented with 
comments from the authors. These 


"The authors have provided 
easy-to-follow descriptions of the 
surgical procedures...” 





abstracts are excellent additions to the 
text. The book is enriched by the ex- 
pertise of the contributors, and is 
nicely illustrated with clear diagrams. 
The section on retinal surgery, how- 
ever, does not cover major surgical 
procedures and is limited to the man- 
agement of penetrating ocular inju- 
ries, retinoblastoma, and lasers. 

The first section on cataract surgery 
covers general, regional, retrobulbar, 
and peribulbar anesthesia. Phaco- 
emulsification and intracapsular and 
extracapsular  cataract extraction 
techniques are illustrated very well. 
The management of complications of 
these procedures is given special at- 
tention and is explained thoroughly. 
Primary and secondary intraocular 


lens implantations are covered in sep- 
arate chapters and are clearly dis- 
cussed. In addition, the methods used 
for intraocular lens removal are re- 
viewed in great detail. 

The section on corneal surgery in- 
cludes the authors' preferred methods 
for bona fide corneal and other proce- 
dures, such as lateral tarsorrhaphy, 
punctal occlusion, conjunctival flaps, 
and pterygium surgery. The chapters 
on penetrating keratoplasty are de- 
tailed and suitable for both the resi- 
dent and the practitioner reviewing 
the procedure. Three chapters are de- 
voted to refractive corneal surgery and 
include radial keratotomy, epikera- 
tophakia, and the correction of corneal 
astigmatism. These chapters are sup- 
ported by many up-to-date abstracts 
and pertinent discussions. 

The section on glaucoma is rich with 
descriptions of the most important 
surgical and laser procedures, and the 
material is presented in sufficient 
depth for it to be valued by novices and 
experienced surgeons alike. In the sec- 
tions on ocular motility and plastics, 
heavy emphasis is given to important 
technical points in a variety of surgical 
procedures. These chapters are well 
written, and are accompanied by ex- 
cellent illustrations. In addition, the 
chapters contain succinct introduc- 
tions that help the reader understand 
the clinical entities and clarify the in- 
dications for surgical intervention. 

The authors have provided easy-to- 
follow descriptions of the surgical pro- 
cedures and have supplemented these 
descriptions with important tips, help- 
ful information, pertinent abstracts 
and discussions, and consistently clear 
illustrations drawn by a proficient art- 
ist. By printing figures and illustra- 
tions along with the abstracted arti- 
cles at the ends of the chapters, the 
editors have made the reference mate- 
rial conveniently available to the 
reader. Certainly, the experienced sur- 
geon will learn something new on read- 
ing the chapters and the abstracts, yet, 
the book is not intimidating for any 
new ophthalmology resident. 

Ophthalmic Surgery does not suffer 
from repetitions that plague many 
other multiauthored books. Its loose- 
leaf format allows for an update ser- 
vice, and may explain the absence of an 
index (which is a major drawback). 
Nevertheless, for the ophthalmologist 
who is not interested in retinal sur- 
gery, this book has accomplished the 
editors’ goal of “providing a ‘user- 
friendly’ reference work for oph- 
thalmic surgery.” 

DIMITRI AZAR, MD 
Boston, Mass 
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Questions and Answers 


Edited by Stewart MacKay Wolff, MD 


The rapid and complex advances in ophthalmic science make it difficult to keep up with the many changes 
that are occurring in our specialty. The ARCHIVES solicits your questions and requests that they be clearly 
stated and reasonably focused. We cannot expect our consultants to respond to questions that are too wide 
ranging and not clearly defined. Please limit your questions to five or six double-spaced lines and follow the 
guidelines put forth in our “Instructions for Authors” (see Table of Contents for issue information). A signed 
copyright transmittal letter to the AMA should accompany all submissions. We have asked our referees to 
limit their answers to 35 lines. Questions should be sent to Stewart M. Wolff, MD, 11 E Chase St, Baltimore, 
MD 21202. We will do our best to provide answers to all appropriate questions. 





Bifocal Intraocular Lenses 





Our patients request bifocal intraocular (IOL) lenses based 
Q on some promotional articles in the newspaper. Are these 
safe and effective? There must be some disadvantage from the 
eye seeing two images. My patients who have tried bifocal con- 
tact lenses are generally dissatisfied with the visual acuity they 
achieve. Have there been any complications from these IOL 
lenses, and have any of the lenses had to be removed? 


The safety and effectiveness of multifocal intraocular 
A lenses has not been formally determined. Only the 
Food and Drug Administration can determine this fact 
based on clinical trials, and, at present, none of the multi- 
focal IOLs has been designated safe and effective in this 
country. With the rush of many manufacturers to enter the 
multifocal arena, the FDA must ensure that patients in the 
United States are not made visual cripples in the effort to 
build a better mousetrap. Not all models will succeed. 

An alternate question would be: Do multifocal IOLs 
work? Yes, some models work, and work very well. The 
diffractive IOL (3M Co, Minneapolis, Minn), for example, is 
being used throughout the world and is the closest to com- 
pleting clinical trials in this country. 

Many of the complications associated with multifocal 
IOLs are similar to those of standard IOLs, but other optical 
phenomena are peculiar to multifocal IOLs. The patient 
implanted with a diffractive IOL may complain of concen- 
tric haloes at night, while the patient implanted with a 
bull’s-eye IOL may complain of poor distance visual acuity 
in bright light and strange optical effects caused by having 
the near add in the center of the IOL. It is because of these 
unusual optical effects that some IOLs have been removed. 
I have had to exchange three bull’s-eye-type IOLs because 
of these optical effects. 

Some of the same problems do exist with bifocal contact 
lenses, such as loss of contrast sensitivity and small near- 
vision zones that make reading difficult. Decentrations can 
also be disturbing, but, overall, patients with multifocal 
IOLs do much better than patients wearing bifocal contact 
lenses. Glare and contrast sensitivity loss do not appear to 
be clinically significant. I believe multifocal IOLs are here 
to stay and will have a major impact on cataract surgery in 
the near future. In fact, in my experience, patient demand 
for multifocal IOLs is greater than that for small incision 
surgery. 

Good results with multifocal IOLs can be obtained, but 
precision in cataract surgery will be essential. Choosing the 
proper patient, being able to perform a superior A-scan, and 
performing phacoemulsification with capsulorrhexis to en- 
sure perfect centration of the multifocal IOL are all im- 


Arch Ophthalmol—Vol 109, May 1991 


portant elements in determining success. With mastery of 
all these variables and the proper multifocal IOL, a favor- 
able outcome may be achieved. 
ALBERT T. MILAUSKAS, MD 
Palm Springs, Calif 





Approaching Nucleus Slippage 


What should an anterior surgeon do if most or part of the 
Q lens nucleus is lost into the vitreous through a capsular 
rent? 


When the posterior capsule ruptures unexpectedly and 
A the lens nucleus slips into the vitreous, much depends 
on the state of the vitreous body. Normal vitreous usually 
gives support to the nucleus and prevents its slow disap- 
pearance into the posterior of the eye. Unhealthy fluid or 
semifluid vitreous is more troublesome. 

If the nucleus or fragment of nucleus remains supported 
by the anterior hyaloid, the incision should immediately be 
enlarged to at least 180°. A viscoelastic material should be 
injected immediately posterior to the nucleus using an 
angled cannula to prevent further displacement posteriorly. 
This should be followed by an attempt to float the nucleus 
anteriorly into the anterior chamber by slow injection. If 
the nucleus remains in the anterior vitreous and cannot be 
moved anteriorly by the injection of the viscoelastic 
material, a two-handed approach may be necessary. A 
sharp, straight, 25-gauge needle should be inserted through 
the pars plana and directed to an area immediately behind 
the nucleus to steady it (the lens). The viscoelastic material 
may then be injected behind the nucleus. A gentle injection 
from both the needle and the cannula may aid in the 
forward displacement of the nucleus into the anterior 
chamber. If vitreous enters the anterior chamber and en- 
meshes the nucleus, an anterior vitrectomy may be neces- 
sary to free it and facilitate its movement into the anterior 
chamber. 

Once in the anterior chamber, the lens can usually be 
removed by a further injection of the viscoelastic material 
through the enlarged incision, thus protecting the delicate 
corneal endothelium. However, if necessary, a lens loop and 
lens glide in the anterior chamber can be used to remove the 
nucleus. 

If, on the other hand, the nucleus slowly sinks into the 
posterior of the eye, removal by a posterior segment vit- 
reoretinal surgeon is indicated. An attempted loop removal 
with its ensuing manipulation and resulting inflammatory 
reaction should be avoided. 


STANLEY M. TRUHLSEN, MD 
Omaha, Neb 
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News and Comment 





Hawaiian Eye Foundation Pre- 
sents Award to David Peter Choyce, 
MS, FRCS.—Peter Choyce, MS, 
FRCS, of Essex, England, received the 
International Award for Excellence in 
Distinguished Service to Ophthalmolo- 
gy from the Hawaiian Eye Foundation 
at the 12th Annual Royal Hawaiian Eye 
Meeting in Waikoloa. The board of di- 
rectors of the Hawaiian Eye Founda- 
tion created the award to honor an inter- 
national colleague for his or her 
outstanding contributions to ophthal- 
mology through teaching, service, or 
research. The award is funded by a 
grant from IOLAB Corporation. 


Blepharospasm Research Funds 
Available.—' The Benign Essential 
Blepharospasm Research Foundation 
has announced the availability of re- 
search grants providing up to $100 000 
in annual support for research relevant 


to the cause and treatment of blepharo- 
spasm and related conditions, including 
Meige’s syndrome. For further infor- 
mation and applications, contact the Be- 
nign Essential Blepharospasm Founda- 
tion Inc, PO Box 12468, Beaumont, TX 
77726-2468. The deadline for applica- 
tions is September 1, 1991. 


James E. Key II, MD, Assumes Of- 
fice as New President of the Contact 
Lens Association of Ophthalmolo- 
gists. — On February 1, 1991, James E. 
Key II, MD, of Houston, Tex, became 
the new President of the Contaet Lens 
Association of Ophthalmologists. Dr 
Key matriculated at the University of 
Texas and graduated from Baylor Col- 
lege of Medicine in 1970. Following 2 
years in the United States Navy, he 
completed his residency in ophthalmolo- 
gy at Baylor College in 1976. Dr Kev is 
presently a Clinical Associate Professor 





James E. Key Il, MD 


of Ophthalmology at Baylor College 
and, in addition, Chief of Ophthalmolo- 
gy at St Luke's Episcopal Hospital in 
Houston. 





Obituaries 





BRINK, Donald M., 81, Hutchinson, 
Minn; University of Minnesota Medical 
School, 1937; died October 1, 1990. 


COSTNER, Alfred Nixon, 71, Johnson 
City, Tenn; Washington University 
School of Medicine, 1943; residency, 
Duke University Affiliated Hospital, 
1950; certified by the American Board of 
Ophthalmology; died December 14, 
1990. 


DOBBIE, James Graham, 62, Chica- 
go, Ill; Medical College of Wisconsin, 
1955; residency, Cook County Hospital, 
1958; certified by the American Board of 
Ophthalmology; died December 1, 1990. 


HOLLAND, John J., 62, Fort Myers, 
Fla; Loyola University of Chicago 
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Stritch School of Medicine, 1953; resi- 
dency, Veterans Administration West- 
side Medical Center, 1956, and Edward 
Hines Jr Veterans Administration Hos- 
pital, 1958; certified by the American 
3oard of Ophthalmology; died Decem- 
ber 16, 1990. 


INSABELLA, John, 76, West Orange, 
NJ; St Louis University School of Medi- 
cine, 1939; residency, United Hospitals 
Medical Center, 1959; certified by the 
American Board of Ophthalmology; 
died October 16, 1990. 


RAVDIN, Emile M., 72, Los Angeles, 


Calif;, Indiana University School of 


Medicine, 1942; residency, Wills Eye 
Hospital, 1948; certified by the Ameri- 
can Board of Ophthalmology; died Au- 
gust 30, 1990. 


SCHACHAT, Walter S., 74, Pompano 
Beach, Fla; New York School of Medi- 
cine, 1940; residency, Queens Hospital 
Center, 1943; certified by the American 
Board of Ophthalmology; died Decem- 
ber 16, 1990. 


SCHMIDT, Herbert G., 93, Milwau- 
kee, Wis; Medical College of Wisconsin, 
1922; certified by the American Board of 
Ophthalmology; died April 6, 1990. 


STENERODDEN, Sidney C., 73, Lin- 
coln City, Ore; residency, Riverside 
Medical Center, 1946; certified by the 
American Board of Ophthalmology; 
died October 22, 1990. 


THORNE, Silas Owens, Jr, 66, More- 
head City, NC; Duke University School 
of Medicine, 1947; residency, McPher- 
son Hospital, 1951; died October 21, 
1990. 
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Your choice for 25 years 
and 20 million procedures 


For 25 years, in over 

20 million procedures, 

the choice of ophthalmic 

surgeons has been MIOCHOL. 
Rapid, safe, immediately 

reversible miosis is the reason why. 


MIOCHOL is your natural choice for 
small incision surgery. Rapid miosis allows 
a prompt visual check of lens centration. 


MIOCHOL meets the most stringent Johnson 
and Johnson standards for quality. Every vial is 
inspected to insure safety and performance. 


For safe, rapid, reliable miosis, 
the natural choice is 


Mio chol 


(acetylcholine chloride) Intraocular 
Accept no aco ars 


Indications and Usage: To obtain complete miosis of the iris in seconds after delivery of the lens in c: alarac! surgery, in penetrating keratoplasty. iridectomy and other anterior segment surgery where rapid, complete miosis may be 
required. Contraindications: There are presently no known contraindications to the use of MIOCHOL (acetylcholine chloride) Intraocular. Warnings: lf blister or pee uh — A is damaged or broken, sterility of me enclosed bottle 
cannot be assured. Open under aseptic conditions only. Precautions: General: In the reconstitution of the solution, as described under Directions tor Using Univial if the center rubber plug seal in the univial does n ) down OF 


down, do not use the vial. If miosis is to be obtained quickly and completely with MIOCHOL, obstructions to miosis, such as anterior or posterior synechiae, may require Surgery prio s 

administration of MIOCHOL. In cataract surgery, use MIOCHOL only after delivery of the lens. Note: Aqueous solutions of a acetylcholine chloride are unstable uio solution immediately 

use. Do not use solution which is not clear and colorless. Discard any solution that has not been used. Adverse depas infrequent cases of corneal edema, corneal clouding, and corneal 

decompensation have been reported with the use of MIOCHOL. Adverse reactions have been reported rarely which are indicative ol < a abs: rption These include bradyca irdia, Hypotension PHARMACEUTICALS 


flushir ; breathing difficulties and sweating. Caution: Federal law prohibits dispensing without prescription. How Supplied: 2 | sterile univial. NDC 0058-2757-45 IOP P-42 
300 10 L AB Di ive, Claremont CAS 91711 714/624-2020 = a Gobmrenafohmren company fohmron cor 
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-potassium chloride were maintained better than 
corneas bathed with sodium chloride only.//* 


1. Bachman WG, Wilson G. Essential ions for maintenance of the corneal epithelial surface. invest Ophthalmol Vis Sci. 
1985;26:1 484-1488. The clinical significance of these in vitro data is unknown 


* Excised corneas from New Zealand white rabbits 
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Editorial 


Vitreous Surgery for Macular 


Hole in Perspective 


Is There an Indication? 


Kev and Wendel! have applied the techniques of 
pars plana vitreous surgery combined with air- 
fluid exchange to the problem of idiopathic macular 
hole and have conducted a pilot study of 52 patients 
treated with this procedure. They were able to close 
the macular hole and promote resolution of the sur- 
rounding cuff of subretinal fluid in 30 of the 52 
patients, a surgical success rate of about 60%. Of the 
30 patients operated on successfully, 22 had visual 
improvement of two lines or more, and only one had 
decreased postoperative visual acuity. However, since 
the follow-up period was short and cataracts are 
known to develop in a high percentage of patients fol- 
lowing a similar procedure for the removal of epiret- 
inal membrane, it is likely that further losses in visual 
acuity will develop secondary to cataract.? In addition, 
although there was no concurrent control group, none 
of the 22 patients with persistent macular hole after 
surgery (42% surgical failure rate) had improved vi- 
sual acuity. Not surprisingly, the authors are enthu- 
siastic about their preliminary results, which are 
published in this issue. 


See also pp 610 and 654. 


Patients with macular hole usually are in the sev- 
enth decade of life, an age at which elective surgery 
should be performed only when there is clear likeli- 
hood of substantial benefit. In approximately 90% of 
patients with macular hole, the fellow eye is not 
involved? In many retinal practices in which the pop- 
ulation is often biased because of the referral nature 
of the practice, the percentage of patients with fellow 
eye involvement may be higher. In the current series, 
for example, 12 (23%) of the 52 patients, had a mac- 
ular hole in the fellow eye. Of the remaining 40 
patients, two (4% ) were said to have macular disease 
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and the other 38 (73% ) had no macular disease in the 
second eye. Consequently, the series represents a 
group of patients in the seventh decade of life, nearly 
80% of whom had one eye free of macular disease and, 
presumably, were at low risk of losing central vision. 
These figures must be considered when evaluating the 
results of any intervention in this group of patients. 

Although laser treatment for macular hole has 
been reported to be beneficial in one uncontrolled 
study, no reproducibly effective treatment has been 
documented.^ Thus, in the absence of effective treat- 
ment, opthalmologists have focused on determining 
the risk of hole formation in the second eye. Several 
reports have indicated that the risk depends on 
whether the second macula is normal or has evidence 
of vitreomacular traction." In a recent report, pa- 
tients with a macular hole in one eye and a normal 
fellow eye were found to have a1% chance of devel- 
oping a macular hole in the fellow eye during the fol- 
lowing 5 years.? Consequently, if macular hole surgery 
is to improve the quality of life in those patients op- 
erated on for unilateral holes, it must improve sub- 
stantially the visual acuity in the operated eye since, 
in most cases, the normal fellow eye can be expected 
to maintain good visual acuity. 

In the reported series, of the 30 patients whose 
macular hole was closed after surgery, 22 were said 
to have visual improvement of two lines or more. But 
of these 22 patients, only 17 had improvement in vi- 
sual acuity to 20/70 or better and only 10 had postop- 
erative visual acuity of 20/40 or better. Thus, of 52 
patients undergoing surgery, only 10 (19% ) had post- 
operative visual acuity of 20/40 or better. If we 
assume that 80% of these patients had a normal fel- 
low eye that most likely would maintain excellent vi- 


sual acuity, then there would be only two patients 


with impaired visual acuity in the fellow eye whose 
visual acuity improved to 20/40 or better in the eye 
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operated on. Fifty-two patients underwent surgery, 
but the quality of life was improved substantially for 
perhaps just two patients, ie, those two whose visual 
acuity improved to 20/40 or better. 

This analysis is not intended as a general condem- 
nation of surgery for unilateral conditions. Indeed, 
there are many conditions for which ophthalmolo- 
gists perform surgical procedures on one eye when the 
second eye is normal. For example, patients with uni- 
lateral cataract are operated on routinely. However, 
after cataract surgery, one anticipates a 95% likeli- 
hood of achieving a visual acuity of approximately 
20/40 or better and does not plan for a second inva- 
sive procedure. In patients with unilateral diabetic 
macular edema that is clinically significant, for ex- 
ample, laser photocoagulation is recommended, but a 
large clinical trial has demonstrated that such treat- 
ment is effective. Moreover, diabetic patients with 
macular edema in one eye generally develop macular 
edema in the second eye. Similarly, in patients with 
age-related macular degeneration complicated by 
well-defined choroidal neovascularization, treatment 
generally is recommended when the first eye is 
involved. Again, however, a clinical trial has docu- 
mented the value of the treatment." In addition, the 
fellow eye, especially if it has large or pigmented 
drusen, is at high risk of developing choroidal 
neovascularization." In contrast, for patients with 
idiopathic macular hole, the value of vitreous surgery 
has not been documented in a clinical trial. Moreover, 
in at least 90% of patients, the fellow eye appears not 
to be at risk of visual loss from macular hole.’ 

In the absence of any treatment known to be help- 
ful for patients with idiopathic macular hole, it may 
be tempting for vitreoretinal surgeons to operate on 
these patients. However, it is possible that only about 
4% to 576 (two of 52 patients in this series) of patients 
actually will enjoy a better quality of life as a result 
of surgery. When one considers the possible surgical 
complications, including cataract, retinal detach- 
ment, and infection, as well as the expense, effort, and 
systemic risks involved in operating on elderly pa- 
tients, it is not clear that the benefits of this operation 
outweigh the risks. In addition, up to 5% of patients 
with idiopathic macular hole may experience im- 
provement in visual acuity following spontaneous 
closure of the hole and resolution of the surrounding 
subretinal fluid.* 

I realize that I have taken what may be considered 
an unnecessarily dim and gloomy view of the poten- 
tial value of surgery for macular hole. I present this 
viewpoint intentionally, because Kelly and Wendel! 
have understandably presented an optimistic view 
about the potential value of the operation they de- 
scribed. The truth must lie somewhere between the 
extremes. 

The mechanism of visual improvement after either 
spontaneous or postoperative closure of a macular 
hole also requires some comment. At least three rea- 
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sons exist for visual loss in patients with macular 
hole. First, the hole represents an area devoid of pho- 
toreceptors. Second, surrounding the hole is an area 
of subretinal fluid that interferes with optimal func- 
tioning of the remaining receptors. Third, surround- 
ing the cuff of subretinal fluid is an area of cystoid 
macular edema that similarly interferes with optimal 
visual function. The cuff of subretinal fluid and the 
surrounding cystoid macular edema can be seen in 
almost all cases clinically and in 100% of cases stud- 
ied histopathologically.? Closure of the macular hole, 
either spontaneously or after vitreous surgery, pre- 
sumably promotes resolution of the cystoid macular 
edema and reabsorption of the subretinal fluid, both 
of which presumably contribute to improved visual 
acuity. 

Kelly and Wendel! should be congratulated for 
their pioneering efforts in applying techniques of vit- 
reous surgery to the problem of idiopathic macular 
hole and for their carefully conducted pilot study. For 
the reasons they state, this procedure is not now ad- 
vocated for general use by vitreoretinal surgeons. The 
authors also have suggested that a prospective, ran- 
domized clinical trial will be required to document the 
extent to which this surgery may be indicated in eld- 
erly patients with unilateral or bilateral idiopathic 
macular hole. 

STUART L. FINE, MD 
Philadelphia, Pa 
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Special Article 


Socioeconomic Status and Visual 


Impairment Among Urban Americans 


James M. Tielsch, PhD; Alfred Sommer, MD; Joanne Katz, MS; Harry Quigley, MD; 


Sandi Ezrine, MS; and the Baltimore Eye Survey Research Group 


e The Baltimore Eye Survey is a population-based study of 
ocular disorders conducted in East Baltimore, Md, designed to 
determine the prevalence and severity of vision loss and ocular 
disease and their relationships to socioeconomic and other risk 
factors. This survey comprised 5300 subjects (2911 whites and 
2389 blacks). Visual impairment was associated with age, race, 
general health status, educational level, income, and employ- 
ment status. An identified association of race with blindness and 
visual impairment was reduced, but not eliminated, after adjust- 
ment for these socioeconomic factors, indicating that socioeco- 
nomic status itself is an important determinant of visual 
impairment. 

(Arch Ophthalmol. 1991;109:637-641) 


number of population-based surveys on visual im- 

pairment have been conducted over the last 20 
years in the United States," most of which have origi- 
nated from extensive, multipurpose health interview or 
examination surveys; blindness registration systems; 
and in-depth surveys of specific populations. In gener- 
al, these studies have reported prevalence rates of 
blindness and/or visual impairment stratified by select- 


See also May 15, 1991 issue of JAMA. 








ed demographic and sociodemographic variables. Lit- 
tle work has been done, however, to sort out the inde- 
pendent associations of these variables with reduced 
vision. Such analyses are important for obtaining leads 
for future etiologic research and to provide parameters 
that can be used to target subgroups of the population 
for special intervention programs. In addition, much of 
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the work done in this area has relied on self-reported 
measures of vision loss based on questionnaire respons- 
es. While these measures focus on impairments of func- 
tional importance to patients, they also suffer from a 
lack of standardization among subjects. 

The Baltimore Eye Survey is a population-based 
prevalence and risk factor survey of ocular disorders 
designed to fill many of the gaps in our eurrent under- 
standing of the prevalence and severity of vision loss. 
Detailed information was collected for a variety of de- 
mographie and social variables so that high-risk groups 
could be described and the independent association of 
such factors with vision loss could be measured. A 
previously published article’ described the prevalence 
of blindness and visual impairment by age, race, and 
sex. Herein, we focus on socioeconomic risk factors and 
their influence on the definitions of groups at high risk 
of developing vision loss. 


PATIENTS AND METHODS 


The Baltimore Eye Survey examined ocular disorders 
among subjects aged 40 years or older conducted in the neigh- 
borhoods of East Baltimore, Md. Detailed methods of this 
study, a summary of which is contained here, have been 
published elsewhere.’ 

A stratified cluster sampling technique with probability of 
selection proportionate to cluster size was used to select 16 
cluster areas in the eastern and southeastern Health Planning 
Districts of Baltimore City with the goal being to obtain 
samples of roughly equal numbers of blacks and whites. This 
sampling strategy began by stratifying census tracts into 
three categories based on the racial distribution of the popula- 
tion as reported in the 1980 census and included black, white, 
and mixed-race strata. Black and white tracts were defined 
when greater than 75% of persons aged 40 years or older were 
of either race. Each census tract was divided into clusters of 
approximately 600 persons aged 40 years or older. Within 
each stratum, census tracts were ordered geographically 
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from east to west to avoid clustering of the sample close to one 
source of medical care. A systematic sample of census tracts 
was drawn from these ordered lists based on the proportion of 
total clusters in each race-specific stratum. Within each se- 
lected census tract, a cluster was selected at random. All 
subjects aged 40 years or older who resided in these cluster 
areas were recruited for participation through personal field 
visits. Within each cluster, an initial household screening for 
eligible subjects was conducted at 99.2% of the 7754 residen- 
tial dwelling units. A total of 7194 eligible subjects was identi- 
fied. An enrollment interview was then conducted with 6892 
(95.896) of the eligible subjects. This short interview included 
questions on demographic factors, use of general health and 
eye care services, and history of glaucoma. 

Subjects who completed the enrollment interview and who 
were medically capable of completing an ophthalmologic 
screening examination were recruited for such an examina- 
tion at screening centers established in their neighborhoods. 
The screening examination consisted of measuring height, 
weight, blood pressure, pulse, refraction, visual acuity, and 
visual fields; applanation tonometry, and stereo fundus pho- 
tography; and detailed personal interviews about ophthalmic 
medical histories and prescription drug, tobacco, and alcohol 
use. Visual acuity was measured at 4 m using the charts 
described by Ferris et al’ and Ferris and Sperduto’ and a 
specially constructed, backlit box. Visual acuity was mea- 
sured separately for each eye and defined as the lowest line on 
the chart for which the majority of letters were read correct- 
ly. Visual acuity was measured with the refractive correction 
worn by the subject in place to the screening center and again 
with the full refractive correction as determined by the 
screening examination. If still less than 20/20, visual acuity 
was measured using a pinhole. Best corrected visual acuity 
was defined as the best of all visual acuity measurements in 
the better eye. Screening results were obtained for 5341 
(79.2%) of the 6746 subjects who qualified for examination. 

Subjects who met any of the referral criteria, including 
elevated intraocular pressure, best corrected visual acuity of 
worse than 20/30 in either eye, visual field loss, abnormal 
optic dise findings, or a history of glaucoma underwent a 
definitive ophthalmologic examination at the Wilmer Eye 
Institute, Baltimore, Md, with subspecialty referral if neces- 
sary. Blindness and visual impairment were defined using the 
traditional cutoff points used in the United States: visual 
acuity of 20/200 or worse for blindness and visual acuity 
between 20/40 and 20/200 for visual impairment. 

Socioeconomic variables available for analysis were collect- 
ed during the enrollment interview and included age, race, 
sex, marital status, educational level, general health status, 
employment status, and frequency of visits to physicians and 
eye-care specialists. Additional data, including household in- 
come and the proportion of households below poverty level, 
were available at the census tract level from the 1980 census. 
The prevalence of blindness and visual impairment by age, 


race, and sex have been previously reported.’ This article 


focuses on associations of the remaining socioeconomic vari- 
ables with blindness and visual impairment. 

Adjustment for age (and sometimes race) was performed 
using linear regression techniques. Age was included in the 
regression as a second-order polynomial and race as a dichoto- 
mous variable. Other variables such as educational level, 
employment status, general and relative health status, and 
use of health care services were categorized into the groups 
shown in the tables. Gender was not associated with the 
prevalence of blindness or visual impairment’ and, therefore, 
was not taken into account in the adjustment. 

Regression analyses of visual impairment (visual acuity 
between 20/40 and 20/200) excluded the blind. Additional 
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Table 1.—Prevalence of Blindness and Visual Impairment by 
Educational Level Adjusted for Age and Race* 


Visual Impairment, 
No. (Adjusted 
Rate, %) 

75 (5.09) 


Blindness, 
No. (Adjusted 
Rate, 96) 
28 (1.80) 
58 (2.35) 24 (1.01) 
16 (2.86) 8 (1.22) 
3 (1.94) 1 (0.64) 


No. of Years 
of Education 
0-6 (n= 1017) 
7-11 (n=2750) 
12 (n= 1070) 
>12 (n= 400) 
P 
F testt .0003 .20 
, Student's t test£ .0002 .03 
88 —.003 —.001 


* Information on educational level was unavailable from 63 subjects. 
TFor educational level as a categorical variable. 

Test of the continuous regression coefficient. 

SRegression coefficient for years of education as a continuous variable. 





Table 2.—Prevalence of Blindness and Visual Impairment by 
Employment Status Adjusted for Age and Race* 


Blindness, 
No. (Adjusted 
Rate, 96) 

4 (0.96) 

7 (0.43) 

25 (0.88) 


Visual Impairment, 
No. (Adjusted 
Rate, 96) 

7 (3.07) 

38 (2.68) 

59 (0.84) 

49 (8.11) 28 (4.31) 
4 (3.65) O (0.49) 
<.0001 <.0001 


*Data on employment status were unavailable from five subjects. 
tFor employment status as a categorical variable. 


Employment Status 
Employed (n= 1714) 
Homemaker (n= 1057) 
Retired (n= 1569) 
Disabled (n=653) 
Unemployed (n= 302) 
Pt 





analyses included all those with best-corrected visual acuities 
of worse than 20/40. 

F tests were based on the test for conditional error, in 
which a full model was fit to the data, then a second model fit 
to the data that excluded all categories of a particular vari- 
able." Results do not account for the cluster sampling strategy 
because there was no indication that blindness or visual im- 
pairment clustered after controlling for age and race. 


RESULTS 


A total of 5341 subjects underwent the ophthalmolog- 
ic screening examination (2913 whites, 2395 blacks, and 
33 subjects of other races). The “other race” group was 
excluded owing to the smallness of the sample, and 
visual acuity information regarding eight subjects was 
unavailable, leaving 5300 subjects available for 
analysis. 

Level of education as measured by the number of 
years of schooling completed was inversely associated 
with the prevalence of blindness and visual impairment 
(Table 1). Educational level was significantly associ- 
ated with visual impairment and showed a roughly 
linear decrease in prevalence with increasing numbers 
of years of education (Table 1). A similar association 
was observed regarding the prevalence of blindness, 
but this was not significant at the 5% level because of 
the small numbers of blind subjects. Using years of 
education as a continuous variable yielded essentially 
the same patterns (Table 1). 

Employment status was strongly associated with 
both blindness and visual impairment (Table 2). Most of 
this effect, however, was due to those subjects who 
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Fig 1.—Scattergram and least-squares regression line of age-adjust- 
ed prevalence of low vision (worse than 20/40) and median household 
income of 16 sample areas in East Baltimore, Md. 


14500 


were classified as disabled. Disabled persons had be- 
tween two and 10 times higher adjusted prevalences 
than those in the other employment categories. Em- 
ployed, retired, unemployed subjects, and housewives 
had similar prevalences of blindness. Retired subjects 
had significantly lower prevalences of visual impair- 
ment than employed subjects, unemployed subjects, 
and housewives. Disabled subjects had significantly 
higher prevalences of visual impairment than subjects 
in any of these groups. Despite this strong association, 
12.4% or fewer disabled subjects had visual acuities of 
worse than 20/40, indicating that vision loss was a rela- 
tively minor determinant in classifying this group as 
disabled for employment purposes. 

Data on household income were not collected because 
of concerns about the potential impact of these sensitive 
questions on response rates to the examination compo- 
nent of the study. To examine the association of vision 
loss and income, we calculated the age-adjusted rates of 
low vision (worse than 20/40) for each of the 16 sample 
clusters and compared those adjusted rates with the 
median household income and proportion of the popula- 
tion below the poverty level for the census tracts of the 
clusters as reported by the 1980 census.” The age- 
adjusted rates were plotted against median household 
income and proportion of households below poverty 
level; the results are shown in Figs 1 and 2. Both 
analyses showed strong correlations between the prev- 
alence of low vision and these two measures of house- 
hold income. The regression model estimated that for 
every additional $1000 of median income, the preva- 
lence of vision worse than 20/40 declined by 0.32% 
(P<.005), and for every 10% rise in the proportion of 
families below poverty level, the prevalence of low 
vision rose 0.44% (P<.03). 

Subjects who reported poor general health or poor 
health relative to others their age had significantly 
higher rates of blindness and visual impairment than 
those who reported better health (Table 3). This strong 
association was confined to the extremes of the distri- 
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Fig 2.—Scattergram and least-squares regression line of age-adjust- 
ed prevalence of low vision (worse than 20/40) and the proportion of 
households below poverty level of 16 sample areas in East Baltimore, 
Md. 


Table 3. — Prevalence of Blindness and Visual Impairment by 
Health Status Adjusted for Age and Race” 


Blindness, 
No. (Adjusted 
Rate, 96) 


Visual Impairment, 
No. (Adjusted 
Rate, %) 


General health status 


Excellent (n= 707) 
Good (n— 2325) 
Fair (n— 1618) 
Poor (n— 640) 
Pt 
Health status relative to others 
of the same age 
Better (n= 2047) 
Same (n— 2336) 
Worse (n— 638) 
PI 


12 (2.42) 
40 (1.92) 
45 (2.67) 
59 (8.50) 
«.0001 


53 (2.25) 
46 (2.34) 
47 (7.36) 
<.0001 


4 (0.82) 
21 (0.98) 
20 (1.18) 
19 (2.54) 

.01 


21 (0.90) 

24 (1.15) 

16 (2.41) 
.009 





* Data on general health status were unavailable from 10 subjects, and data on 
relative health status were unavailable from 279 subjects. 
tBy an F test of health status as a categorical variable. 


butions of health status. Those who reported excellent, 
good, or fair general health and those whose health 
status was better than or similar to others their age had 
similar rates of blindness and visual impairment. 

There was little association of blindness and visual 
impairment with use of health care services (Table 4). 
The prevalence of blindness and visual impairment was 
higher among those who had been to a physician or 
received eye care in the 12 months before the survey 
began than among those who had received such ser- 
vices between 1 and 5 years prior to the survey. Among 
those who last received such services more than 5 years 
prior to the survey, the prevalence of blindness and 
visual impairment was even higher than that of the 
most recent users of health care services. Neither of 
these differences in measures of health service use 
reached statistical significance (Table 4). 

To evaluate the independent association of these so- 
ciodemographic variables with blindness and visual im- 
pairment, a regression model was constructed that in- 
cluded age, age squared, race, educational level (6 
years or less vs more than 6 years), employment status, 
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Table 4.—Prevalence of Blindness and Visual Impairment by | 
Use of Health Care Services Adjusted for Age and Race* 


Visual Impairment, Blindness, 
No. (Adjusted No. (Adjusted 
Rate, 96) Rate, 96) 


Time since last visit to a physician, y 




















<1 (n— 4323) 136 (3.00) 57 (1.26) 
1-2 (n— 464) 11 (3.59) 3 (0.94) 
3-5 (n— 283) 2 (1.40) 1 (0.56) 
>5 (n=219) 6 (3.50) 3 (1.68) 
Pt 33 .62 
Time since last visit for eye care, y 
«1 (n= 2537) 77 (2.83) 38 (1.18) 
1-2 (n= 1477) 39 (3.12) 10 (0.75) 
3-5 (n=7 14) 21 (2.73) 4 (0.28) 
>5 (n=548) 18 (3.48) 10 (1.51) 
Pt .81 24. 1 










* Data on visits to physicians were unavailable from 11 subjects, and data on 
medical visits for eye care were unavailable from 24 subjects. 
1By an F test of health care use as a categorical variable. 


and general health status (excellent to fair vs poor). 
Relative health status was not included because it es- 
sentially duplicated the information in the general 
health status variable, and use of health care services 
was not included because there was no evidence that it 
was associated with blindness and visual impairment 
after adjustment for age and race. The results are 
presented in Table 5 and show no major changes in the 
patterns of associations from those described in the 
previous tables. Education remained significantly asso- 
ciated with visual impairment. The pattern of employ- 
ment status as shown in the tables was also similar, 
with disabled subjects having a significantly higher 
prevalenee of blindness and visual impairment than 
subjects in other employment categories for both defi- 
nitions of poor vision. Retired subjects also had signifi- 
cantly lower rates of visual impairment than did all 
other groups. General health status showed little 
change from the patterns reported in Table 4, with 
those reporting poor general health having higher rates 
of visual impairment. 

Interestingly, this analysis showed a substantial re- 
duction in the association of race and the prevalence of 
blindness and visual impairment after adjusting for the 
other sociodemographic variables. Adjusting only for 
age produced prevalence ratios (blacks to whites) of 
1.79 for visual impairment and 2.30 for blindness, both 
of which were significantly different from 1.0 at the 196 
level.’ After adjusting for the other variables in this 
report, the prevalence ratios (blacks to whites) de- 
creased to 1.22 and 1.42 for visual impairment and 
blindness, respectively, indicating signifieant con- 
founding of the association of poor vision and race using 
these other sociodemographic factors. 


COMMENT 


The association of visual impairment with lower so- 
cioeconomie status was not a surprise and has been 
noted in other studies. The National Health Interview 
Survey showed strong associations between self-re- 
ported inability to read a newspaper and both educa- 
tional level of the head of household and family income.‘ 
The National Health and Nutrition Examination Sur- 
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Table 5.— Adjusted Prevalence Rates of Blindness and 
Visual Impairment * : 

Visual 
Impairment, 


Adjusted 
Rate, % (P) 


) oo 


) (0.002) 


Blindness, 
Adjusted 
Rate, % (P) 


) (.16) 


) (.31) 
0.99 


0.52 (.29) 
0.87 (.80) 
4.14 (<.0001) 
0.49 (.45) 


) (.61) 


* All prevalence rates were adjusted for age, race, educational level, employ- 
ment status, and general health status. P values are by ftests of linear regression 
coefficients in comparison with the indicated reference category. 

tP values are comparisons with the employed. 


Variable 
Race 
White 
Black 
Educational level, y 


1.03 
1.46 


2.65 
3.25 


1.55 
1.14 


4.45 
2.56 
Employment statust 
Employed 
Homemaker 
Retired 
Disabled 
Unemployed 
General health status 
Excellent to fair 2.37 
Poor 7.05 


3.98 .. 
2.83 (.44) 
0.97 (.001) 
6.40 (.0003) 
3.45 (.93) 


1.19 
1.44 


) (<.0001) 





vey also showed an inverse association of visual acuity 
with educational level.’ Our data corroborate these 
reports even after adjusting for other potentially con- 
founding variables such as age and race. This associa- 
tion, however, is unlikely to be unidirectional. While it 
is likely that persons with lower economic status in the 
United States may be more likely to suffer from poor 
vision for many reasons, it is also likely that visual 
impairment lowers earning potential because of both 
unemployment and underemployment of visually im- 
paired workers. Such earnings gaps between visually 
impaired and nonimpaired workers can approach 50%.” 
Our data also confirm an association between visual 
impairment and employment status, especially among 
the disabled. Again, the direction of any causal infer- 
ence regarding the association between employment 
status and visual impairment is difficult. This is also 
true of general health status because poor vision is 
likely to influence a person’s self-reported level of well- 
being. While the causal implications are unclear, sub- 
jects with poor health and the disabled are more fre- 
quent users of medical care services. Such care 
settings, therefore, may offer an opportunity to identi- 
fy patients with ocular disorders that lead to visual 
impairment so that necessary ophthalmologic care of 
their treatable conditions is obtained. 

We were surprised by the lack of association between 
use of general health care or eye care services and 
blindness or visual impairment. Given that as much as 
40% of all bilateral blindness in this study was potential- 
ly curable with appropriate surgical intervention (data 
not shown), it would be reasonable to expect that use of 
such services would be lower among blind and visually 
impaired subjects than among nonimpaired subjects. 
This incongruity may be due to the lack of adequate 
detail in our questions regarding use of health care 
services. More specific questions addressing adequate 
use given a person’s risk status may have been more 
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sensitive to such differences. Barriers to care other 
than physical access (eg, extent and quality of care) may 
have played a role in preventing patients with treatable 
diseases from being informed about their conditions or 
from taking advantage of appropriate services. 

In a previous report, race was also strongly associ- 
ated with low vision. Blacks had an age-adjusted two- 
fold excess prevalence relative to whites.’ On adjust- 
ment for other socioeconomic variables such as 
educational level, employment status, and general 
health status, the relative prevalence dropped to be- 
tween 1.2 and 1.5. This suggests that blacks may not be 
inherently at higher risk of visual impairment than 
whites, but that a constellation of other factors associ- 
ated with visual loss are, in an American urban popula- 
tion, also associated with race. This lack of predisposi- 


tion to high rates of blindess and visual impairment was 
expected given the diversity of pathogenie mechanisms 
that can lead to blindness or visual impairment. The 
lack of a causal link between race and visual loss does 
not, however, limit the importance of race as an indica- 
tor of high-risk populations in urban America that need 
additional resources directed to blindness prevention. 
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An Experimental Study Comparing Various 
Anterior Capsulectomy Techniques 
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Victoria E. Castaneda, MD; Judy S. Hoggatt, MD 


e Radial tears at the margin of an ante- 
rior capsulectomy may be associated 
with the exit of at least one loop of an 
intraocular lens out of the capsular bag 
(“pea pod” effect) and subsequent de- 
centration. Many ophthalmologists have 
gained a clinical impression that the an- 
terior capsule is more likely to remain 
intact if the continuous circular capsulo- 
rhexis (CCC) technique is used. Howev- 
er, controlled comparison of the inci- 
dence of radial tears with the use of 
different capsulectomies under stan- 
dardized conditions has not been per- 
formed, to date. In this study, we ana- 
lyzed the incidence of radial tear 
formation in 40 human eyes that were 
obtained post mortem. These eyes were 
randomized to four technique groups: 
(1) "can opener," (2) linear capsulotomy, 
(3) capsulopuncture, and (4) CCC. We 
demonstrated that the CCC technique is 
much less likely to cause or be associ- 
ated with anterior capsular radial tears as 
opposed to the other three techniques. 
With the technique of nuclear expression 
used in this study, radial tears occurred 
in 100% of cases treated with the can 
opener, linear capsulotomy, and capsu- 
lopuncture techniques, whereas no tears 
occurred with the CCC technique. This 
study provides convincing evidence that 
the CCC is the best available anterior 
capsulectomy procedure to minimize the 
incidence of radial tears. 

(Arch Ophthalmol. 1991;109:642-647) 
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nterior capsulectomy is one of the 

most critical steps in extracapsular 
cataract extraction. Secure long-term 
capsular fixation and centration of a 
posterior chamber intraocular lens 
(PC-IOL) can best be achieved if the 
integrity of the central opening is 
maintained. Radial tears that extend 
toward the equator from the margin of 
the capsulectomy are associated with a 
high incidence of extrusion of at least 
one loop out of the bag (the “pea pod” 
effect)" This is probably a major rea- 
son that the asymmetric loop location 
(one loop in the bag and one loop in the 
ciliary region) has been found in as 
many as 50% of eyes with PC-IOLs 
that were studied in autopsy series.** 

Figure 1 shows four representative 
types of anterior capsulectomies' as 
follows: 

l. "Can opener" capsulectomy in 
which multiple, small tears are con- 
nected to create a large, central 
opening. 

2. Linear (envelope, intercapsular) 
capsulotomy in which a horizontal slit 
allows removal of lens substance and 
PC-IOL implantation, while most of 
the anterior capsule is maintained. 
This type provides protection to the 
corneal endothelium during the proce- 
dure. The central anterior capsule over 
the optie zone is removed by tearing 
(capsulorhexis) after insertion of the 
PC-IOL.™ 

3. Capsulopuncture (“postage stamp” 
technique) in which essentially a modifi- 
cation of the can opener capsulectomy is 
done, ie, punctate openings, as opposed 
to serrations or tears, are made. 

4. Circular continuous capsulorhexis 
(CCC) in which a smooth-edged circu- 
lar opening without serrations is made 
by a tearing motion with a bent cysto- 


tome or forceps. The main rationale for 
this technique is to preserve the integ- 
rity of the capsulectomy margin and to 
reduce the propensity and incidence of 
radial tear formation and subsequent 
decentration."" Many surgeons be- 
lieve that CCC is an ideal technique to 
achieve this goal, but this is largely 
based on clinical impression, and no 
systematic clinical or laboratory stud- 
ies, to date, have addressed this 
problem. 

In our laboratory, Wasserman and 
associates" have demonstrated that 
the incidence of radial tears with the 
can opener technique is higher than 
has been previously thought. In a 


Fig 1.—The anterior capsulectomy tech- 
niques most commonly used. Top left, “Can 
opener" technique. Top right, Linear capsu- 
lotomy (envelope). Bottom left, Capsulopunc- 
ture (“postage stamp” technique). Bottom 
right, Circular continuous capsulorhexis. 
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study of 250 human eyes that were 
obtained post mortem with PC-IOLs, 
the authors found radial tears in 86% 
of cases. The can opener technique 
had been used in 94% of the eyes. 
The incidence of loop exit from the 
capsular bag (pea podding) was direct- 
ly related to the number of peripheral 
tears (Fig 2). 

Although many surgeons are now 


% of Eyes 


awe Tp" Cw = 


considering a transition to CCC" 
based on the impression that this tech- 
nique is of value in reducing radial 
tears, there is a need for a study 
comparing the various capsulectomy 
techniques under similar surgical con- 
ditions. It is the purpose of this study 
to compare the incidence of radial tears 
during nucleus expression with the use 
of the above-listed anterior capsulec- 





No. of Tears 


Fig 2.—The relationship between fixation of posterior chamber intraocular lenses and capsular 
tears in a series of 250 eyes that were obtained post mortem (modified from Wasserman et al”). 
With an increasing number of radial tears, in-the-bag fixation (triangles) decreases whereas out- 
of-bag (bag/sulcus, sulcus/sulcus, and pars plana) fixation (squares) increases. The occur- 
rence of radial tears is mainly dependent on the type of anterior capsulectomy. 


tomy techniques under standardized 
surgical conditions. 


MATERIALS AND METHODS 


Forty human eyes that were obtained 
post mortem (from 21 females and 19 males; 
mean [SD] age, 74.2+9.1 years) were 
randomized to four groups of 10 eyes each 
according to the capsulectomy techniques 
illustrated in Fig 1 as follows: (1) can open- 
er, (2) linear capsulotomy, (3) capsulopunc- 
ture (postage stamp), and (4) CCC. 

In all of the eyes, the cornea and the iris 
were removed to allow clear visualization of 
the anterior surface of the lens to the 
equator. For groups 1, 3, and 4, the central 
6-mm zone was marked by four pairs of dots 
with the use of a Castroviejo caliper and 
methylene blue. For group 2 (linear eapsu- 
lotomy), two dots marked a 6-mm horizon- 
tal distance halfway between the superior 
equator and the center of the lens. 

Can opener capsulectomy was performed 
by 35 to 45 cuts with the use of a bent No. 
26-gauge needle on a 1-mL syringe. Linear 
capsulotomy was performed with a bent 
No. 26-gauge needle. Capsulopuneture was 
done with a No. 27-gauge needle that was 
bent at its shaft approximately 2 mm proxi- 
mal to the edge. With deep perforation, the 
shaft of the needle created a round punc- 
ture, and 60 to 80 punctures were needed to 
complete a 6-mm opening. The initial eut for 
CCC was done with a No. 26-gauge needle; 
the Utrata capsule forceps was used to 
complete the capsulectomy. 

Nuclear expression is usually done clini- 
cally by pressing the globe with a surgical 
instrument, such as a muscle hook (Fig 3, 
left). When this method is used clinically 


Fig 3.—Left, Manual nucleus extraction as done clinically. The surgical instrument presses the globe and increases the 
intravitreal pressure (solid arrows). The balance between the forces at the 6- and 12-o'clock positions directs the nucleus 
toward the limbal opening (open arrows). In a controlled laboratory study, it is impossible to reproduce the same external 
forces in each case, and the direction of the nucleus is prone to bias. Right, In the present study, nucleus expression was 
achieved by injection of balanced salt solution through a catheter into the vitreous cavity. The intravitreal pressure was 
distributed evenly in all directions (solid arrows), and the nucleus was pushed forward (open arrows). In this way, the 
extraction technique was reproducible and without any possible bias. 
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Fig 4.—Sequence of nucleus extraction in a case of *can-opener" capsulectomy. Top left, Four 
pairs of blue dots mark the central 6 mm. Can opener capsulectomy was performed with the use 
of a bent hypodermic needle. Note the sharp-edged serrations at the margin of the capsulec- 
tomy. Top right, Balanced salt solution is injected into the vitreous cavity, pushing the nucleus 
forward. The nucleus is now engaged at the opening and bulging forward. No peripheral tears 
are seen atthis point. Bottom left, The nucleus after passage through the capsulectomy, lying on 
the anterior capsule. Bottom right, After removal of the nucleus and aspiration of the cortical 
material, two radial tears are evident. The tears, however, did not extend to the posterior capsule 
due to the intact zonules. 


Fig 6.— Capsulopuncture (“postage stamp" 

technique). The capsular bag after anterior 
capsulectomy (top) and after nucleus extrac- 
tion and aspiration of cortical material 
(bottom). 


Fig 7.— Circular continuous capsulorhexis. 
The capsular bag after anterior capsulectomy 
(top) and after nucleus extraction and aspira- 
tion of cortical material (bottom). 
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Fig 5.— Top and bottom, Linear capsulot- 
omy. The capsular bag after anterior capsu- 
lectomy (top) and after nucleus extraction and 
aspiration of cortical material (bottom). 
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ugh the taut 
capsulorhexis, the cortical fibers and the su- 
perficial layers of the nucleus are stripped off. 
This resulted in significantly smaller extracted 
nuclei in the group with circular continuous 
capsulorhexis. 
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Table 1.—Incidence of Tear Formation After Nucleus Extraction 


No. of Tears, % 


Capsulectomy 
Technique 


Table 2.—Amount of BSS Injected Into Vitreous Cavity and Dimensions of 
Nuclei After Extraction * 


Capsulectomy 
Technique 
Can opener 0.48 + 0.18 
0.67 + 0.21 
0.35 + 0.15 
0.53 + 0.24 


*BSS indicates balanced salt solution. 


Linear 
Capsulopuncture 
Capsulorhexis 


and experimentally, it is impossible to re- 
produce the magnitude and direction of 
forces. The procedure is, therefore, prone 
to bias by the examiner. To obviate this 
possible source of bias in our experimental 
study, we performed the nuclear expression 
by injection of fluid into the vitreous cavity 
(balanced salt solution [BSS], Alcon Lab- 
oratories, Inc, Fort Worth, Tex) (Fig 3, 
right). This provided an even, controlled, 
and gradual increase in the pressure poste- 
rior to the lens that served to express the 
lens substance through the anterior capsu- 
lectomy. An intravenous catheter (Angio- 
cath, 24G, 1.9 em, Desert Medical Inc, 
Parke-Davis & Co, Sandy, Utah) was intro- 
duced into the globe just anterior to the 
equator at the 9-o’clock position. The BSS 
was injected slowly and gradually until the 
largest diameter (ie, more than half of the 
nucleus) passed through the capsular open- 
ing. The nucleus was then removed with an 
eye spear, and cortical material was aspi- 
rated with the use of an automated irriga- 
tion-aspiration device (SITE TXR, Site Mi- 
crosurgical Systems, Inc, Horsham, Pa). 
The experimental surgical technique used 
in this study is shown in Fig 4; this case was 
done with the can opener technique. 

The following variables were recorded in 
the study: the amount of BSS injected into 
the vitreous cavity, the dimensions of the 
extracted nucleus (diameter and thickness), 
the number and location of tears in the 
anterior capsule, the rupture of zonules, 
and the extension of peripheral tears to the 
posterior capsule. Thirty-five-mm slides 
were taken for all cases with special refer- 
ence to (1) the status of the anterior capsule 
before nucleus expression, (2) the status of 
the capsule during the dynamic process of 
injeetion and lens substance removal, and 
(3) the configuration of the capsule after 
completion of lens extraction. The study 
was done on consecutive eyes that were 
obtained from an eye bank; no eye was 
excluded from the study. 
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Mean + SD 


Nucleus 
Diameter, mm 


8.76 + 0.36 
8.72 + 0.41 
8.80 + 0.33 
8.47 + 0.25 


Nucleus 
Thickness, mm 


4.04 + 0.30 
4.02 + 0.32 
4.00 + 0.37 
4.00 + 0.41 





RESULTS 


Data regarding capsular radial tear 
formation is listed in Table 1. Tears to 
the capsular periphery were evident in 
100% of the eyes in the group with can 
opener capsulectomy (Fig 4), in 100% 
of the cases with linear capsulotomy 
(Fig 5), and in 100% of the eyes with 
capsulopuncture (Fig 6). None of the 
10 eyes with CCC had radial tears 
(Fig 7). 

In each group, the following events 
were noted. 


Can Opener Capsulectomy 


As shown in Fig 4, the nucleus 
bulged forward until a threshold ten- 
sion on the capsule was created. Radial 
tear(s) was then evident in all cases. 
Only minimal stretching of the capsule 
occurred before the capsule ruptured. 
The location of tears usually could be 
anticipated before their occurrence. 
One to three radial tears occurred in 
all of the cases. 


Linear Capsulotomy 


As shown in Fig 5, extension of the 
horizontal slit to the equator was seen 
almost immediately after initiation of 
injection. In all cases, two tears were 
evident at the 2- and 10-o'clock posi- 
tions. The preserved anterior capsule 
created a significant resistance to nu- 
clear expression. The nucleus often 
had to be rotated before expression. 
Relatively high pressure and high vol- 
ume of BSS were required in this 
group (Table 2). Extension of the slit 
to the equator was a prerequisite for 
passage of a large nucleus (mean diam- 





Table 3.—Rupture of Zonules and 
Extension of Radial Tears to 
the Posterior Capsule After 

Lens Extraction 


96 
A 
Extension 
Rupture to 
Capsulectomy of Posterior 
Technique Zonules Capsule 


Can opener 
Linear 
Capsulopuncture 
Capsulorhexis 


eter, 8.72 mm), midway between the 
center and the equator. 


Capsulopuncture 


As shown in Fig 6, most of the 
punctures had round edges; however, 
in all cases, occasional small tears 
along the margin of the capsulectomy 
occurred either during puncture or 
when two adjacent punctures were 
connected. This resulted in radial tears 
in 100% of the cases. In most cases, the 
“weak points” could be anticipated be- 
fore nuclear removal. As with the 
cases with can opener capsulectomy, 
the tears occurred after only minimal 
stretch of the capsule, and the least 
amount of BSS was injected in this 
group (Table 2). In 70% of the cases, 
0.40 mL or less was needed to extract 
the nucleus. 


Capsulorhexis 


As shown in Figs 7 and 8, successful 
delivery of the nucleus without dis- 
rupting the integrity of the anterior 
capsulectomy was achieved in all 10 
cases of capsulorhexis. Immediately 
after initiation of BSS injection, the 
lens bulged forward, engaging the cen- 
tral opening. At this stage, the anteri- 
or subcapsular cortical fibers split radi- 
ally and opened like a flower, allowing 
the nucleus to pass through the cortical 
material. The nucleus was delivered 
gradually, enlarging the opening by 
stretching the anterior capsule. The 
superficial layers of the cortex were 
stripped as the lens material passed 
the edge of the capsulectomy (Fig 8). 
Therefore, the diameter of the re- 
moved nucleus in this group was signif- 
icantly smaller than the other groups 
(P<.05). In 90% of the cases, the diam- 
eter of the nucleus was 8.50 mm or 
less. The thickness of the nuclei in all 
four groups was approximately 4.0 
mm, with no significant differences 
among the groups (Table 2). 

The experimental technique to re- 
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Fig 9.—The trends in anterior capsulectomy 
(modified from yearly surveys by Leaming * 
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and lens removal in the years 1985 through 1989 
. Capsulorhexis (open bars) was introduced in 


1985 but gained popularity only after 3 years and was used by 29% of the surgeons in 1989. 


Shaded bars indicate "can opener" capsulectomy. 


move the nucleus was relatively trau- 
matie to the zonular fibers. Rupture of 
zonules was seen most commonly in 
the group with linear capsulotomy in 
which more fluid pressure and more 
volume were needed (Table 3). Exten- 
sion of anterior radial tears around the 
equator to the posterior capsule was 
unusual, except in the group with lin- 
ear capsulotomy (Table 3). When such 
extension did occur, it was always 
associated with the rupture of zonules 
at the same location. 


COMMENT 


The purported advantages of the 
CCC technique have been discussed by 
several authors in recent years. """ 
Leaming,"^ in yearly surveys among 
cataract surgeons, showed that be- 
tween 1985 and 1987 from 87% to 89% 
of those polled used the can opener 
technique, and only 1% to 3% used 
CCC. By 1989, this had changed so 
that only 6396 used the can opener 
technique, and 29% performed CCC 
(Fig 9).^* These preferences reflected 
the clinical impression of surgeons that 
the incidence of radial tear and forma- 
tion associated complications is signifi- 
cantly reduced when capsulorhexis is 
used, and many surgeons are making a 
transition to CCC based on clinical 
observation at surgery and postopera- 
tive follow-up. Colvard and Dunn” 
have demonstrated significantly less 
IOL decentration with the CCC as 
compared with the can opener capsu- 
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lectomy. The present study was con- 
dueted to compare the incidence of 
radial tears with the use of various 
capsulectomies, associated with a stan- 
dardized expression procedure. This 
study clearly demonstrates that, with 
the CCC technique, the capsular bag 
best retained its integrity without for- 
mation of anterior radial tears as op- 
posed to the other three techniques 
(Table 1). 

The diameter of the extracted nuclei 
(28.00 mm) was always much larger 
than the 6-mm opening in any of the 
four groups. To allow passage of the 
nucleus, the capsulectomy must en- 
large, either by stretching or by tear- 
ing. In a previous study, we showed 
that in the presence of a tear, forces 
applied to the margin of the capsulec- 
tomy are concentrated to one point, at 
the tip of the tear. The force that is 
required to extend the tear is always 
less than the force needed to stretch 
the elastic capsule. Only when the 
margin of the capsulectomy is smooth 
and continuous can the capsule 
stretch.” 

With the can opener and linear cap- 
sulotomy techniques, sharp edges are 
part of the technique, and therefore, a 
large nucleus will always cause exten- 
sion of the preexisting tears to the 
periphery before the capsule will have 
stretched. Some surgeons have used 
the capsulopuncture technique, assum- 
ing that the fine, rounded edges of 
each puncture would be more resistant 
to tearing, compared with the sharp 
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edges of the can opener technique. 
However, our results show that 60 to 
80 perforations that are required to 
complete a circular opening are always 
associated with some small tears that 
may extend during nucleus removal 
(Fig 6, bottom). Therefore, it seems 
that capsulopuncture does not provide 
an advantage over the can opener tech- 
nique in avoiding radial tears. 

The CCC creates a smooth margin 
with no weak points that would predis- 
pose to radial tears. Only with a 
smooth edge can the capsular opening 
be stretched without tearing. 

In another study, we investigated 
the elastic properties of the capsulo- 
rhexis.” This study revealed that a 
capsulorhexis will rupture only after 
the circumference of the stretched 
opening is five times the diameter of 
the capsulectomy. In the present 
study, rupture would be expected 
when the capsulectomy is stretched to 
5X6 mm=30 mm. The largest sagittal 
or profile circumference of a nucleus, 
ie, 8.5 mm in diameter and 4.0 mm in 
thickness, is approximately 20 mm. It 
is, therefore, not surprising that in 
none of the cases with capsulorhexis 
had a radial tear occurred. 

Manual nucleus extraction is usually 
done by applying external pressure on 
the globe. The increased pressure in 
the vitreous cavity pushes the lens 
forward. The zonules resist the for- 
ward movement of the capsule; thus, 
the lens nucleus separates from the 
cortex and eventually extracts. The 
control of nucleus expression is deter- 
mined by the amount of pressure, the 
direction of forces, and the balance 
between the pressure at the 6- and 12- 
o'clock positions. In a controlled lab- 
oratory study, however, it is practical- 
ly impossible to reproduce exactly the 
same external pressure in every case, 
and it is prone to bias by the examiner. 
Injection of BSS into the vitreous cavi- 
ty resulted in an even distribution of 
the increased intravitreal pressure. In 
this way, the procedure was reproduc- 
ible, nonbiased, and comparable. This 
technique is associated with more 
stress to the zonules as compared with 
the common clinical procedures. Our 
results, therefore, do not suggest that 
radial tears would occur in 100% of the 
cases with can opener capsulectomy or 
that linear capsulotomy is involved 
with zonular tears and extension of the 
capsular tears to the posterior capsule 
in half of the cases. This study shows 
that by comparing the various capsu- 
lectomies under the same surgical con- 
ditions, a 6-mm capsulorhexis main- 
tained its integrity even under 
conditions in which other techniques 
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always result in radial tears. 

The CCC technique is very useful in 
cases where phacoemulsification is 
performed. However, an intact capsu- 
lorhexis may create a significant resis- 
tance to nucleus expression when used 
in manual extracapsular cataract ex- 
traction. Some surgeons advocated re- 
laxing incisions when planned extra- 
capsular cataract extraction is used, to 
reduce such complications as zonular 
rupture, vitreous loss, and even un- 
planned intracapsular cataract extrac- 
tion.” The fixation of the IOL within 
the bag can no longer be secure; how- 
ever, the number and location of the 
radial cuts are then controlled. 

Some recently developed surgical 
procedures can facilitate delivery of 
the nucleus through a capsulorhexis, 
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so there now appears to be a role for 
CCC in planned extracapsular cataract 


14,15 


extraction. ^" Clinical experience was 
supported by the results of experimen- 
tal studies, in our laboratory, with the 
use of a newly developed technique of 
side view through a scleral window and 
with the use of the Miyake posterior 
view technique. These studies have 
shown that by using hydrodissection, 
the resistance to nucleus expression is 
reduced, and less pressure is required. 
The nucleus can also be extracted by 
injection of fluid (hydroexpression) or 
viscoelastic material (viscoextraction) 
behind the nucleus; thus, the stress on 
the zonules is minimized. 

In summary, this study proves, un- 
der controlled laboratory conditions, 
what has been so far largely a clinical 


References 


capsular implantation of various posterior chamber 
IOLs: animal test results. Ophthalmic Pract. 
1987;5:100-134. 

10. Neuhann T. Theorie und Operationstechnick 
der Kapsulorhexis. Klin Monatsbl Augenheilkd. 
1987;190:542-545. 

11. Gimbel HV. The continuous tear capsulot- 
omy: video presentation. Read before the Ameri- 
can Intraocular Implant Society Meeting; April 
1985; Boston, Mass. 

12. Gimbel HV, Neuhann T. Development, ad- 
vantages and methods of the continuous circular 
capsulorhexis technique. J Cataract Refract Surg. 
1990;16:31-37. 

13. Lee CP. Capsulorhexis—a 5-year experi- 
ence. Eur J Implant Refract Surg. 1990;2:27-31. 

14. Blumenthal M, Assia E, Neumann D. The 
round capsulorhexis capsulotomy and the rationale 
of 11.0 mm diameter IOL. Eur J Implant Refract 
Surg. 1990;2:16-19. 

15. Thim K, Krag S, Corydon L. Capsulorhexis 
and nucleus expression. Eur J Implant Refract 
Surg. 1990;2:37-41. 

16. Shimizu K. Double circular capsulotomy and 
intercapsular phaco-emulsification. Eur J Implant 
Refract Surg. 1990;2:21-25. 

17. Wasserman D, Apple DJ, Castaneda V, et al. 
Anterior capsular tears and loop fixation of posteri- 
or chamber intraocular lenses. Ophthalmology. In 
press. 

18. Leaming DV. Practice styles and prefer- 


CORRECTION 





impression, namely, that CCC is much 
less prone to radial tear formation than 
the other types of capsulectomy. This 
is of clinical significance in that the 
reduction of radial tears is instrumen- 
tal in reducing a still significant compli- 
cation of PC-IOL decentration,' Stable 
in-the-bag fixation is an important goal 
if the use of bifocal and multifocal 
lenses with small or aspheric optics is 
to be successful. 
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Errors in Greek Words. — In the letter entitled “Etymology of Polymegethism” 
in the March issue of the ARCHIVES (1991;109:318), a printing error caused two 
Greek words to be misspelled. The correct spellings are j.éye00s and weyados. 





Arch Ophthalmol — Vol 109, May 1991 


, 
ATP RA 
Beebe rire ... 


Anterior Capsulectomy Comparison — Assia et al 


647 


" 
^ 

i 

[ 
A 
d 


g -a E 


Clinicopathologic Correlation of 
Diode Laser Burns in Monkeys 


Ingolf H. L. Wallow, MD; William E. Sponsel, MD; Thomas S. Stevens, MD 


e One hundred twenty-five retinochor- 
oidal photocoagulation burns, produced 
by a transpupillary diode laser (810 nm) 
in six eyes of three cynomolgus mon- 
keys, were evaluated by clinicopatholog- 
ic correlation for up to 9 weeks after laser 
treatment. Diode burns of clinical grade 2 
strength were comparable to those de- 
scribed for argon laser. However, diode 
burns of clinical grade 3 strength pro- 
duced choroidal changes more intense 
than those described for argon laser. 
Where present underneath photocoagu- 
lation sites, ciliary nerves in choroid or 
sclera consistently showed scarring. 
Prospective randomized controlled clini- 
cal trials to document possible clinical 
equivalence or superiority of diode treat- 
ment have not yet been performed. Po- 
tential clinical advantages of the diode 
laser include its weight, size, durability, 
price, absence of visible flash, and its 
ability to produce burns that profoundly 
affect the choroid. 

(Arch Ophthalmol. 1991;109:648-653) 


New compact transpupillary diode 

lasers emit in the near-infrared 
range (at 810 nm) and seem easy to 
use, comparatively inexpensive, porta- 
ble, durable, and almost maintenance 
free. Recent studies by authors in- 
volved in the development of the diode 
laser report “clinical equivalence” with 
the krypton laser (647 nm)" and even 
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with the blue-green argon laser (488 
and 515 nm). 

Theoretical considerations of laser 
thermal injury to retina and choroid 
show deeper penetration by longer 
wavelengths. For instance, as the 
wavelength increases from 514 nm (ar- 
gon green) to 694 nm (ruby red), pig- 
ment epithelial absorption decreases 
from 47% to 19% and choroidal absorp- 
tion decreases from 92% to 58%.° As 
the wavelength is further increased to 
800 nm, the corresponding decreases 
in pigment epithelial and choroidal ab- 
sorption are 12% and 38%, respective- 
ly." This means that for argon, relative 
absorptions by pigment epithelium and 
choroid are approximately equal (4796 
and 46%, ie, 92% of the remaining 
53%), whereas near the diode wave- 
length pigment epithelial absorption is 
only one third of the choroidal absorp- 
tion (12% vs 33%, ie, 38% of the re- 
maining 88%). Although total absorp- 
tion decreases as wavelength increases 
from 514 to 800 nm, the focus of ab- 
sorption and thus of thermal coagula- 
tion moves deeper, and one would ex- 
pect that diode burns would produce 
significant choroidal damage that may 
affect ciliary nerves and ocular para- 
sympathetic innervation. 

Clinical and morphologic observa- 
tions confirm that infrared wave- 
lengths have deeper penetration. One 
clinical study reported more frequent 
pain in patients treated with krypton 
(647 nm) compared with argon laser 
photocoagulation.’ Several histopatho- 
logic studies comparing argon and 
krypton effects described increased 
choroidal coagulation at longer wave- 
lengths and characteristic choroidal 
vascular damage"" associated with 
morphologic changes in adjacent cho- 
roidal melanocytes.” However, histo- 
pathologic information about the ef- 
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fects of diode infrared laser retinal 
photocoagulation is limited. Only 
short-term observations of rabbits’ 
and of a small number of human eyes"? 
have been made. A systematic clinico- 
pathologic evaluation of diode burns 
during their acute, intermediate, and 
chronic stages is lacking. To fill this 
gap we photocoagulated the eyes of 
cynomolgus monkeys, to study at vari- 
ous time intervals the developing le- 
sions and their relative retinal and 
choroidal contributions. 


MATERIALS AND METHODS 


Six eyes of three young-adult cynomolgus 
monkeys (each weighing 2 to 3 kg) were 
used. Diode laser burns of the retina were 
produced at the paracentral and posterior 
retina using a transpupillary instrument 
(Microlase, Keeler Ltd, Windsor, England) 
together with a slit lamp. This instrument 
employs a large cone angle (23°) of the laser 
beam causing a narrow depth of focus. The 
focus is located internal to the retina within 
the vitreous. In focusing the burns, an 
attempt was made to ignore the spot size of 
the aiming beam and to concentrate on the 
retinal plane. Without such an attempt, one 
tends to want to improve focusing by mov- 
ing the slit lamp forward which may pro- 
duce unintended hot spots within the result- 
ing lesions. For the same reason, we also 
attempted in our aiming to stay centered 
within the contact lens so as to produce 
burns of consistent clinical appearance. 

The transpupillary instrument was made 
available in both its original and its new 
version with increased power (1.5 W). The 
working distance selector was always used 
in the up position to accommodate the pro- 
truding facial features of the monkey cheek 
and nose. Minified contact lenses for small 
primates were employed." 

Two sizes and two intensities of burns 
were produced: spot sizes were 100 and 300 
ium in diameter as adjusted at the footplate 
of the delivery system; intensities were 
judged by binocular slit-lamp observation 
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through the contact lens during and follow- 
ing exposure as described in previous publi- 
cations.” In these earlier studies, we pro- 
posed a system of classifying retinal 
photocoagulation lesions based on clinico- 
pathologic correlation. Lesions consisting of 
faint, grayish white discoloration were re- 
ferred to as intensity grade 1. Lesions 
consisting of a whitish retinal discoloration 
surrounded by a grayish periphery were 
classified as intensity grade 2 (Fig 1, top), 
and lesions with a distinct white center 
were classified as intensity grade 3. Among 
grade 3 burns, we made a further distinc- 
tion to better define commonly used clinical 
designations. We distinguished mild (3a, 
white center occupying just the middle of 
the burn and extending over 0.2 or less of 
the total burn diameter), moderate (3b, 
white center occupying less than half of the 
total burn diameter [Fig 1, center], and 
severe (3e, white center occupying 0.6 or 
more of the total burn diameter [Fig 1, 
center and bottom]. In this study, only 
grade 2 and grade 3 lesions were produced. 
Power levels for 100-um lesions were 150 
to 200 mW; and for 300-j.m lesions, 200 to 
350 mW. Exposure time was always 250 
milliseconds. Burns were arranged in single 
nonconfluent clusters in a near symmetrical 
fashion in both eyes of an animal and were 
delivered at more than one treatment epi- 
sode so as to obtain burns of different ages 
within the same eye. Characteristies of the 
lesions were recorded by color fundus pho- 
tography and definitive grading of lesions 
was assessed according to their appearance 
on the photographs. When the lesions were 
2 days, 3 weeks, and 9 weeks old, the eyes 
were enucleated and the animals were 
killed. For all experimental procedures, an- 
imals were anesthetized with 35 mg/kg of 
intravenous pentobarbital sodium (Nembu- 
tal) and 15 mg/kg of methohexital sodium 
(Brevital) Animals were treated as promul- 
gated by the Association for Research in 
Vision and Ophthalmology Resolution on 
the Use of Animals in Research. 
Enucleated globes were opened coronally 
and placed in either 4% glutaraldehyde 
fixative for 20 hours or in 4% paraformalde- 
hyde for 24 hours. After fixation, the poste- 
rior eye cups were transferred into buffer, 
inspected, and dissected after correlation 
with prints of the latest fundus photo- 
graphs. Each of the resulting pieces of 
retinal-choroidal-scleral tissue contained 
several unequivocally identified laser le- 
sions to be further evaluated by clinicopath- 
ologie correlation. Glutaraldehyde-fixed tis- 
sue was embedded in an epoxy resin and 
paraformaldehyde-fixed tissue was fixed in 
glycolmethacrylate. Embedded tissue 
blocks were then cut at 1.5- to 2.0-pj.m-thiek 
sections and stained with toluidine blue. 
Initially, rapid step sections were cut to 
approach the center of each lesion. Subse- 
quently, the center was established by seri- 
al sections. From the central section, the 
width of the retinal defect at outer and 
inner nuclear layer levels was recorded and 
tabulated as described earlier." In addition, 
light microscopic evaluation of choroid and 
adjacent sclera was obtained. From repre- 
sentative epoxy-embedded lesions we also 
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Fig 1.—Fundus photographs of diode laser burns. Top left, Grade 2 lesions 2 days after 
treatment. Arrow points between two lesions shown histopathologically in Fig 2 and to a first 
order branch of the inferotemporal vein. Lesions to the right of this branch were produced by 
100-j.m spot size at 150-mW power, and lesions to the left were produced by 300-j.m spot size 
at 200-mW power. All lesions were produced at 250-millisecond exposure time. Top right, Grade 
2 lesions (100-j.m spot size, 200-mW power), 9 weeks after exposure, are present in the lower 
two thirds of this picture. The remainder of the lesions are grade 3b (300 um, 300 mW). Center 
left, Grade 3 lesions 90 minutes after exposure. Left of center are 3b burns produced by 300-j.m 
spot size, 250-mW power; right of center are 3c burns produced by 300-,.m spot size at 300-mW 
power. The arrow points to a lesion shown histopathologically in Fig 6. Center right, Same group 
of lesions as depicted in Fig 1, center left, 3 weeks later shows typical pattern of pigment 
changes. Bottom left, Malfocused lesion with choroidal-retinal-vitreal hemorrhage, 30 minutes 
after exposure. Bottom right, Same, 3 weeks later, showing residual hemorrhage, pigmentary 


changes, and a center of white fibrous tissue. 


prepared thin sections for examination in an 
electron microscope. 

One hundred twenty-five lesions were 
correlated in detail regarding their clinical 
and histopathologic features (Tables 1 and 
2) Among the small (100-~m spot size) 
lesions, all except one fell into the grade 2 
category (31 of 32) Among the 93 large 
(300-j.m spot size) lesions, 17 were consid- 
ered grade 2 and the remaining 76 belonged 
to the mild, moderate, or severe grade 3 
category (ie, grades 3a, 3b, and 3c). Histo- 
pathologie results were obtained at three 
stages in the development of lesions: 2 days 


(acute), 3 weeks (intermediate) and 9 
weeks (chronic) Seventy-one lesions could 
be categorized clinically into groups in 
which the burns appeared identical during 
their acute stage of 2 days and from which 
the histopathologic dimensions of retinal 
damage were obtained for Table 3. 


RESULTS 


Clinically, diode laser burns devel- 
oped slowly, as also noted in a prior 
study.* Continuous observation of test 
burns showed that in grade 2 lesions it 
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Table 1.—Clinical Measurements of 125 Diode Laser Lesions 


100-um Spot Size 


eau naa 
No. of Lesions 


Power, mW Clinical Grade 


300-um Spot Size 
MM 
Clinical Grade No. of Lesions 


200 3a 


1 3a 29 
M 3a 10 
4 3b 23 
32 93 


Table 2.—Age of 125 Diode Laser Lesions at Time of Histopathologic Evaluation 


Lesion Spot Size 
(um) at 2 d 


Lesion Spot Size 
(um) at 3 wk 


Lesion Spot Size 
(um) at 9 wk 








Lesion 
Spot Size, Power, 
um mW Grade 2 d 








100 1 174 € 34 (5) 


50 2 
00 2 
00 2 


Table 3.—Correlation of Clinical and Histopathologic Data in 71 Diode Laser 
Lesions of the Cynomolgus Monkey Retina * 


Clinical | ——————————————————————————————————————————À 





213-4 30 (11) 


100 2 
300 2 223 + 37 (6) 197 + 12 (3) 
00 2 


2d 3 wk 
a E 
ONL INL ONL INL 


3 50 b 180 + 17 (4) 90+ 11 (4) 
b 










Extent of Damage, um, 
and Age of Lesiont 






3 wk 
81+ 11 (5) 
143 + 28 (6) 


9 wk 





68+ 6 (2) 





235+39 (15) 130-32 (15) 









3 md 
300 300 3 303 + 33 (8) Py, M 
300 300 3bt —- Y 225 + 11 (3) Py, M 
300 350 3bt a idi 290 + 14 (3) 75+ 23 (3) 
* Data in each horizontal line represent groups of lesions that looked clinically identical during their acute 
stage. INL indicates inner nuclear layer; ONL, outer nuclear layer; Py, pyknosis of nuclei; and M, macrophages. 
tListed are the full-thickness defects of the outer nuclear layer in grade 2 lesions, and the defects of outer 
and inner nuclear layers in grade 3 lesions followed by the SD of the mean and, in parentheses, the number 
of burns in each group. 
These lesions were placed in the fundus of one monkey that was less pigmented (‘‘blond’’) than the other 





two animals. 


took minutes before the definitive pat- 
tern of retinal whitish discoloration 
became evident. From approximately 
30 minutes until several days after 
exposure, diode lesions changed little 
(Fig 1, top left and center left) At 3 
and 9 weeks, grade 2 lesions developed 
a mottled center and a depigmented 
periphery and grade 3 lesions devel- 
oped a pigmented core and a paracen- 
tral pigmented ring surrounded in turn 
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by a depigmented periphery almost 
identical with patterns described as 
following argon burns” (Fig 1, top 
right and center right). Diode lesions 
also typically had a wide zone of even 
hyperpigmentation external to the de- 
pigmented periphery (Fig 1, center 
right). 

Histopathologically, in grade 2 
burns only the outer retinal half 
showed coagulation necrosis or scar- 


ring; the inner nuclear layer and the 
rest of the inner half of the retina were 
spared (Figs 2 and 3). Bruch’s mem- 
brane remained continuous. There was 
occlusion of some of the choroidal capil- 
laries. Macrophages aggregated within 
the inner portion of the choroidal stro- 
ma causing choroidal pigmentation to 
be more globular within laser burns, 
whereas elsewhere choroidal pigmen- 
tation remained more linear due to the 
normal elongated shape of choroidal 
melanocytes. Choroidal or intrascleral 
nerves were usually intact. With time, 
outer nuclear layer defects became 
smaller (Table 3). 

In grade 3 lesions, acute coagulation 
damage also involved the inner half of 
the retina. Bruch’s membrane re- 
mained continuous, but choroidal dam- 
age was conspicuous, consisting of vas- 
cular endothelial cell sloughing 
beneath areas of irradiation, choroidal 
interstitial edema, vacuolization of me- 
lanocyte cytoplasm, aggregation of 
melanocytes, etc, as described by oth- 
ers’ (Fig 4) Later, after several 
weeks, retinal scarring involved the 
outer two thirds of the retina often 
sparing the nerve fiber layer and sug- 
gesting that some inner retinal damage 
during the acute stage was reversible. 
As a new finding, we report frequent 
damage to choroidal nerves consisting 
of hydropic swelling and disintegration 
of the neuronal axoplasm (Fig 5) dur- 
ing the acute stage and neuronal loss 
with macrophages containing phagocy- 
tosed myelin figures in the chronic 
stage (Figs 6 and 7). Choroidal nerves 
were seen below 33 burns within the 
middle or outer layers of the choroid or 
within the adjacent sclera (Fig 8). Axo- 
nal loss was almost invariably present 
under grade 3b burns, whereas grade 2 
burns showed loss only occasionally 
and to a milder degree (Table 4). 

On two occasions, we mistakenly 
concentrated attention on the spot size 
of the laser-aiming beam trying to 
“chase it forward” to make it confocal 
with the plane of the retina. In both 
cases, in two different eyes, we ob- 
tained severe grade 3 burns (3c) ac- 
companied by choroidal hemorrhage 
using only 300-mW power at a spot 
size of 300 jum (Fig 1, bottom). The 
histopathologic result was a scleral- 
choroidal-retinal-vitreal scar (Fig 9) 
with damage to an intrascleral nerve 
and a mushroom of scar tissue emanat- 
ing from the choroid through a broad 
defect of Bruch’s membrane through 
the retina and into the vitreous space. 


COMMENT 


We evaluated in cynomolgus mon- 
key by clinicopathologic correlation 
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Fig 2.—Light micrograph of the two grade 2 lesions indicated by the 
arrow in Fig 1, top left. Arteriovenous crossing in upper right corner 
serves as a landmark (1.5-j.m section, toluidine blue, x 170). 





mW power), 3 weeks after exposure. There is differentiated retinal 
repair of the outer retinal half with Müller cell hypertrophy, repair of the 
outer limiting membrane, and proliferation of a single layer of pigment 
epithelial cells across Bruchs membrane. Globular pigment-laden 
macrophages are present in the subretinal space. Choroidal pigmen- 
tation is also more globular underneath the retinal scar. An intrascleral 
nerve is seen along the lower edge of the picture showing cross 
sections of numerous axis cylinders surrounded by dark myelin 
sheaths. The nerve appears intact (1.5-j.m section, toluidine blue, 
x 210). 


Fig 4.— Grade 3b lesion (300 um, 300 mW) at 2 days shows pyknosis 
and swelling of inner retinal layers, widespread occlusion of the choroi- 
dal capillaries, numerous globular pigment-laden macrophages within 
the choroidal stroma, and a choroidal nerve whose myelin sheaths are 
irregular and frequently spread apart by mononuclear cells (1.5-j.m 
section, toluidine blue, x 320). 
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Fig 5.—Electron micrograph of Fig 4 lesion showing myelin sheaths 
(My) surrounding axoplasm, and two mononuclear cells (M) interpret- 
ed as macrophages ( x 5800). 





a 2 


— 25 


Fig 6.— Edge of another grade 3b lesion (300 um, 250 mW, labeled 
with arrow in Fig 1, center left), 3 weeks after exposure, shows much 
recovery of inner retinal layers but considerable damage to deep 
choroidal nerve. Most myelin sheaths are replaced by scar tissue (1.5- 
um section, toluidine blue, x 210). 


Fig 7.— Electron micrograph of Fig 6 lesion shows macrophage (M) 
containing within its cytoplasm a whorl of myelin-derived lamellar 
debris (My) and a number of pigment granules ( x 8300). 
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Fig 8.—Grade 3b lesion left of arrow-marked lesion shown in Fig 1, 
center left, and next to lesion shown in Fig 6. This lesion has been 





aee. mim 


idine blue, x 200). 


sectioned closer to its center, but it still shows sparing of the innermost 
retinal layers. On the other hand, an area of scarring (arrow) is noted in 
a nerve located in midsclera (1.5-j.m section, toluidine blue, x 250). 


| Table 4 .—Histopathologic Status of Choroidal Nerves Underneath 33 Diode 
Laser Burns in Cynomolgus Monkey 


Clinical 
Grade 


Lesion Power, 
Spot Size, um mW 


photocoagulation lesions of different 
intensity and spot size produced by a 
transpupillary diode laser. Laser 
burns were categorized as grade 2 or 
as mild, moderate, or severe grade 3. 
As expected, choroidal effects from the 
longer diode wavelength (810 nm) 
were more evident than the choroidal 
effects described in the literature for 
shorter wavelengths, for instance ar- 
gon and krypton. Not previously re- 
ported for the diode laser is the in- 
volvement of ciliary nerves both in 
choroid and sclera. In this study, we 
found 33 of 125 retinal burns (nine 
burns of grade 2 and 24 burns of grade 
3) to be located anterior to choroidal 
nerves. Under grade 2 burns, choroi- 
dal nerves appeared usually intact; un- 
der all grade 3 lesions, nerve damage 
was seen consisting of invasion of the 
nerve by macrophages, extensive loss 
of myelin sheaths, loss of axis cylin- 
ders, and scar formation (Figs 4 
through 9, Table 4). 
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No. of 
Lesions 


Axonal Loss of Choroidal Nerve 
T 
Present Questionable Absent 





In panretinal photocoagulation, ar- 
gon or krypton laser treatments with 
grade 3 burns have been shown to 
produce intraocular parasympathetic 
denervation of the ciliary muscle with 
temporary or permanent alteration of 


the accommodative response.” Diode 
laser treatment of similar appearing 
clinical intensity may result in even 
more profound changes. Fortunately, 
less intense treatment has been recom- 
mended for the diode laser'^ approxi- 
mate to grade 2 burns which in this 
study spared the inner retina and usu- 
ally spared choroidal nerves. 

Whether therapeutic benefits in 
terms of removing intraretinal micro- 
vascular lesions or preretinal prolifera- 
tions are equal to argon laser burns 
remains to be demonstrated by suit- 
ably designed random prospective con- 
trolled clinical trials. It appears that 
diode laser intensities necessary to ef- 
fect retinal vascular lesions in the in- 
ner retina result in extensive choroidal 











Fig 9.—Three-week-old grade 3c lesion shown in Fig 1, bottom. This 
accidentally produced burn (300 um, 300 mW) shows scar tissue 
interrupting choroid and retina and extending into the vitreous cavity. A 
midscleral nerve also reveals scarring (arrow) (1.5-jum section, tolu- 


involvement. 

For some conditions, clinicians cur- 
rently use treatment with very mild 
argon laser burns. Examples include 
grid treatment for diffuse macular ede- 
ma or focal treatment for central se- 
rous choroidopathy. With such mild 
burns, one achieves better differenti- 
ated retinal repair stimulating restora- 
tion of the retinal pigment epithelial 
barrier" and, possibly, of its pump 
funetion. Diode laser treatment with 
grade 2 burns approximates these mild 
burns. Retinal pigment epithelial coag- 
ulation would be less severe, and occlu- 
sion of the choriocapillaris would be 
equal or greater, thus maintaining or 
reducing vascular stress by the chorio- 
capillaris on the overlying pigment 
epithelium. 

Full advantage of the diode wave- 
length may be realized in treating cho- 
roidal abnormalities. For instance, fo- 
cal absorption appears to be enhanced 
following intravenous injection of indo- 
cyanine green which has a maximal 
absorption at 805 nm and which tends 
to pool in and around chorioretinal new 
vessels. Diode laser treatment in con- 
junction with indocyanine green had 
excellent occlusive effects on the ab- 
normal new vessels, but it appears to 
have caused relatively little damage to 
the overlying inner retina." Indocyan- 
ine green-enhanced diode laser treat- 
ment might also be useful in thrombos- 
ing choroidal tumor vessels and 
producing within tumors an intermedi- 
ate-level hyperthermia completing tu- 
mor destruction otherwise not 
obtainable. 

Technically, careful focusing of the 
retina disregarding the focus of the 
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aiming beam and the use of long expo- 
sure durations (0.2 to 0.3 seconds) are 
necessary to avoid disruptive power 
densities. Also, absence of a laser 
beam micromanipulator requires more 
extensive mechanical machine manipu- 
lation and a greater effort to stay 
centered in the contact lens used for 
photocoagulation. Clinical studies may 
show that patients are pleased by the 
lack of a bright flash, and physicians 
are pleased by the lack of a shutter 


1. McHugh JDA, Marshall J, Capon M, Rothery 
S, Raven A, Naylor RP. Transpupillary retinal 
photocoagulation in the eyes of rabbit and humans 
using a diode laser. Lasers Light Ophthalmol. 
1988;2:125-143. 

2. McHugh JDA, Marshall J, Ffytche TJ, Hamil- 
ton AM, Raven A, Keeler CR. Initial clinical expe- 
rience using a diode laser in the treatment of retinal 
vascular disease. Hye. 1989;3:516-527. 

3. McHughJDA, Marshall J, Ffytche TJ, Hamil- 
ton AM, Raven A. Macular photocoagulation of 
human retina with a diode laser: a comparative 
histopathological study. Lasers Light Ophthalmol. 
1990;3:11-28. 

4. Brancato R, Pratesi R, Leoni G, Trabuechi G, 
Vanni U. Histopathology of diode and argon laser 
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Ophthalmol Vis Sci. 1989;30:1504-1510. 

5. Birngruber R, Hillenkamp F, Gabel VP. The- 
oretical investigations of laser thermal retinal inju- 
ry. Health Phys. 1985;48:781-796. 

6. Puliafito CA, Deutsch TF, Boll J, Eng M, To 
K. Semiconductor laser endophotocoagulation of 
the retina. Arch Ophthalmol. 1987;105:424-427. 


that interrupts observation during ex- 
posure and by the absence of a risk for 
blue light damage to the operator. 
Direct comparative studies of diode, 
argon, and krypton laser photocoagu- 
lation will be necessary to assess the 
full potential and appropriate clinical 
role for this new transpupillary laser 
modality. 
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Vitreous Surgery for Idiopathic Macular Holes 


Results of a Pilot Study 


Neil E. Kelly, MD, Robert T. Wendel, MD 


è Idiopathic macular holes are gener- 
ally considered an untreatable condition. 
We used modern vitrectomy techniques 
to evaluate two questions: (1) Is it possi- 
ble to reattach the retina around the 
macular hole? (2) If it is reattached, will 
the patient’s central vision improve? In 
30 (58%) of 52 patients, we were able to 
reattach successfully the detached mac- 
ula with our surgical procedure. In 22 
(73%) of the 30 patients in whom the 
macula was successfully reattached, 
there was an improvement in visual acu- 
ity of two lines or better. In the 22 pa- 
tients in whom reattachment of the mac- 
ular hole was not obtained, there was no 
significant improvement in visual acuity. 
Thus, the overall success rate for im- 
proved vision postoperatively was 42% 
(22/52). Complications related to surgery 
were observed in eight patients (15%) 


ecently, there has been a renewed 
interest in the classification, etiolo- 
gy, and natural history of macular 
holes." Traditionally, macular holes 





See also pp 610 and 635. 





have been considered nontreatable. 
It has been suggested that the sur- 
rounding tissue has degenerated' and 
is not capable of supporting good acu- 
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early in our experience with this proce- 
dure and included increase in the size of 
the macular hole, mottling of the retinal 
pigmented epithelium, and a vascular 
occlusion. Our clinical observations indi- 
cate that the treatment of macular holes 
by vitrectomy may offer some promise 
for this otherwise untreatable condition. 
In patients in whom reattachment was 
successful, the technique used appeared 
to allow for clinically significant improve- 
ments in visual acuity. However, addi- 
tional work on increasing surgical 
success and minimizing surgical compli- 
cations, as well as a further understand- 
ing of the mechanism of retinal reattach- 
ment, is required before widespread use 
of this procedure for treating macular 
holes. 
(Arch Ophthalmol. 1991;109:654-659) 


ity. Eyes fellow to idiopathic macular 
holes are at risk for the development of 
sight-threatening macular holes.*”” Vi- 
trectomy as prophylactic therapy for 
such at-risk fellow eyes with early 
stage disease has been reported" * and 
is eurrently under evaluation in a pro- 
spective, randomized, multicenter tri- 
aL" 

Vitreoretinal surgeons do not have 
substantial, dependable information on 
the treatment of idiopathic macular 
holes. We have postulated that modern 
vitrectomy techniques could be used to 
improve the vision in eyes with macu- 
lar holes. We wanted to evaluate two 
questions: (1) Is it possible to reattach 
the retina around the macular hole? (2) 
If the retina is reattached, will the 
patient's central vision improve? 


PATIENTS AND METHODS 


Selected for this evaluation were patients 
from our practice who had a macular hole in 
at least one eye. Refractions were per- 
formed both preoperatively and postopera- 
tively by the patient's referring physician. 
A nurse measured visual acuity with a 
standard Snellen chart, using the refraction 
provided by the referring physician. For 
entry, patients were required to have a 
central visual acuity of 20/50 or worse and 
stage III or IV macular holes, as defined by 
Gass. Most patients also complained of 
distortion, readily demonstrable with an 
Amsler grid. Before entry, all patients pro- 
vided informed consent. 

Visual acuity was measured preoper- 
atively and postoperatively by an indepen- 
dent observer using a standard Snellen 
visual acuity chart. The preoperative evalu- 
ation also included a complete eye examina- 
tion. Most patients also had color maeular 
stereophotographs taken, as well as under- 
going a fluorescein angiogram and central 
visual field testing (Humphrey Instruments 
10-2, San Leandro, Calif). 

The surgical procedure was performed by 
us on an outpatient basis. All procedures 
were performed with retrobulbar anesthe- 
sia, except in one patient who requested a 
general anesthetic. The surgical procedure 
consisted of a pars plana vitrectomy, re- 
moval of adherent cortical vitreous, strip- 
ping of epiretinal membranes, and a total 
gas-fluid exchange. Patients with stage III 
macular holes had, by definition, adherent 
cortieal vitreous. We removed this adher- 
ent cortical vitreous with a modification of 
the technique of Smiddy et al? and Han et 
al" by using a silicone-tipped rather than a 
tapered-tip extrusion needle (Grieshaber, 
Schaffhausen, Switzerland) Under active 
aspiration, the extrusion needle was gently 
swept over the retinal surface near the 
temporal arcades or just temporal to the 
fovea. The silicone tip was observed to flex, 
indicating that it had engaged the vitreous 
(we call this the “fish strike sign”) (Fig 1). 
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Once the vitreous was engaged, it was 
generally simple to create a posterior vitre- 
ous detachment with continued aspiration 
and traction on the vitreous. Epiretinal 
membranes, where present, were ap- 
proached with a barbed 20- or 22-gauge 
needle, tissue forceps, and a tapered extru- 
sion needle. These membranes lay between 
the cortical hyaloid and retina and were 
typically friable and difficult to remove. A 
total air-fluid exchange was performed. The 
small rim of subretinal fluid surrounding 
the macular hole was also aspirated. At the 
end of surgery, a nonexpansible concentra- 
tion of sulfur hexafluoride gas was injected 
to prolong intraocular tamponade. 

We instructed patients to maintain strict 


occiput-up positioning for at least 1 week. 
Postoperative examinations were  per- 
formed at day 1, weeks 1 and 2, and months 
1, 3, and 6. 


RESULTS 


For this evaluation, we performed 
macular hole surgery on 52 patients 
between February 1988, and April 
1990. As shown in Table 1, the patients 
were predominantly white women in 
their seventh decade of life. Approxi- 
mately 80% of the macular holes were 
stage III. Where performed, fluores- 
cein angiography and central visual 
field testing confirmed our clinical di- 





Fig 1.— Illustration of surgical technique sweeping silicone-tipped extrusion needle over the 
retinal surface to identify adherent cortical vitreous. (We call this the "fish strike sign.") 


agnosis of macular hole. In approxi- 
mately one fourth of patients, the fel- 
low eye also had a macular hole. 

In 30 (5896) of the 52 patients, we 
were able to reattach successfully the 
detached macula with our surgical pro- 
cedure. Shown in Fig 2, left, is a 
preoperative macular photograph of a 
macular hole in one patient (patient 
11) For the same patient, a preoper- 
ative red-free photograph is shown in 
Fig 3, top, and a preoperative visual 
field in Fig 4, top, demonstrating a 
characteristic central scotoma. In this 
patient, we were able to reattach the 
detached macula successfully. Resolu- 
tion of the macular hole and central 
scotoma as observed postoperatively 


Table 1.—Demographics and 
Preoperative Observations * 


Variable Value 


Mean (+SD) age, y 
(range) 

Mean (+ SD) duration 
of symptoms, y 
(range) 

Sex 
F 39 (75) 
M 13 (25) 

Race 
White 49 (94) 
Black 2 (4) 
Hispanic 1 (2) 

Fluorescein angiography 
Performed 
Not performed 

Visual fields 
Performed 
Not performed 

Macular hole stage 
Hi 42 (81) 
IV 10 (12) 

Fellow eye 
Macular hole 12 (23) 
Other macular disease 2 (4) 


67.7 + 7.7 (42-84) 


1.5 + 4.3 (0-30) 


45 (87) 
7 (14) 


46 (89) 
6 (12) 





* Except as noted, values are number (percent). 


Fig 2.—Left, Preoperative photograph of macular hole in patient 11. Right, Postoperative photograph of resolution of 


macular hole in the same patient. 





Arch Ophthalmol — Vol 109, May 1991 





Macular Hole Surgery—Kelly & Wendel 655 





Fig 3.—Top, Preoperative red-free photo- 
graph showing macular hole in patient 11. 
Bottom, Postoperative red-free photograph 
showing resolution of macular hole in the 
same patient. 


for this patient are shown in the right 
portion of Fig 2 and the bottom por- 
tions of Figs 3 and 4. In three patients 
in whom initial reattachment failed, 
removal of residual epiretinal mem- 
branes was attempted in a second 
operation. Patient 7 had additional 
epiretinal membranes removed, but as 


oe dep "uk 
Q N D 


No. of Patients 


O m A OQ O 
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the gas reabsorbed, the macular 
detachment returned. Patients 19 and 
40 had prolonged surgery to remove 
epiretinal membranes. Postopera- 


tively, the macula remained flat. How- 
ever, marked disturbance of retinal 
pigmented epithelium developed, pre- 
cluding visual improvement. 





70 60 50 40 30 25 20 


Visual Acuity 


Fig 5.—Histogram of frequency of preoperative (solid bars) and postoperative (shaded bars) 
visual acuity in patients with successful reattachment. HM indicates hand motion; CF, count 


fingers. 


Fig 4.—Top, Preoperative central visual field (Humphrey Instruments 10-2, San Leandro, Calif) of patient 11, demonstrat- 
ing a characteristic central scotoma. Bottom, Postoperative central visual field of the same patient, demonstrating 
resolution of the scotoma. FL indicates fixation loss; FN, false negatives; FP, false positives; SF, short-term fluctuation: DB, 


decibels; and FOV, foveal fixation. 
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As shown in Figs 5 and 6, 73% 
(22/30) of the patients in whom the 
macula was successfully reattached 
had an improvement in visual acuity of 
two lines or better. Approximately one 
quarter of these patients (seven of 30) 
had no significant change in visual 
acuity, and one of these patients had a 
significant decrement in visual acuity. 
In the 22 patients in whom reattach- 
ment of the macular hole was not ob- 
tained, there was no significant im- 
provement in visual acuity (Figs 7 and 
8). Approximately one sixth of these 
patients (three of 22) had a significant 
decrement in visual acuity, and the 
balance (19 of 22) had no significant 
change in visual acuity. For all 52 
patients, the change in visual acuity 
was not statistically correlated with 
either the duration of symptoms 
(R=.10, P=.207) or our experience 
with the procedure (R=.14, P=.934). 
However, for the 30 patients in whom 
reattachment was achieved, there was 
a slight, negative correlation of the 
change in visual acuity with duration of 
the symptoms (R= -—.37, P=.028). 
This suggests that the longer the dura- 
tion of symptoms is, the less the im- 
provement of visual acuity is. The 
overall success rate for improved vi- 
sion postoperatively was 22 (42%) of 52 
patients. The postoperative latency to 
visual improvement ranged from 2 
weeks to 6 months and averaged ap- 
proximately 1.5 months. Individual pa- 
tient information is given in Table 2. 

Preoperatively, we observed the 
classic window defect on the fluores- 
cein angiogram, as shown for one pa- 
tient in Fig 9, top. Postoperatively, in 
patients with successful reattachment, 
the window defect partially resolved, 
as shown in Fig 9, bottom. 

Complications related to surgery 
were observed in eight patients. In 
two patients (patients 38 and 41), there 
was an increase in the size of the 
macular hole, presumably due to incar- 
ceration of the retina into the extru- 
sion needle and subsequent enlarge- 
ment of the existing defect. Patient 38 
experienced an objective decrease in 
visual acuity postoperatively, while 
patient 41 did not. While the macula 
was successfully reattached in patient 
43, on the first postoperative day this 
patient experienced a vascular occlu- 
sion with subsequent worsening of vi- 
sual acuity. Though we considered vas- 
cular disease, trauma from the 
retrobulbar injection for anesthesia, 
and intraocular pressure rise from the 
expansile gas, there was no clear cause 
for this occlusion. In three patients 
(Nos. 26, 27, and 28), mottling of the 
retinal pigmented epithelium devel- 
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Fig 6.—Histogram of change in visual acuity in patients with successful reattachment. The mean 
( + SD) line change was 3.47 + 2.78. 
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Visual Acuity 


Fig 7.—Histogram of frequency of preoperative (solid bars) and postoperative (shaded bars) 
visual acuity in patients with unsuccessful reattachment. HM indicates hand motions; CF, 
counting fingers. 


Fig 8.—Histogram of change in visual acuity in patients with unsuccessful reattachment. The 
mean (+ SD) line change was — 0.45 + 0.86. 
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Postoperative 
Latency to Visual 

Patient Duration of Improvement; Anatomical 















No. Symptoms, wk Preoperative Postoperative mo Outcome 
1 2 HM 20/100 1.0 Closed 
2 52 CF4’ CF4’ 0.8 Open 
3 156 20/ 100 20/ 100 1.0 Closed 
4 52 20/400 20/400 0.8 Open 
5 12 CF4’ CF4' 3.0 Open 
6 52 20/200 20/200 1.0 Closed 
7 8 CF5’ CF5’ 0.8 Open 
8 26 20/70 20/30 3.0 Closed 
9 104 20/400 20/200 0.8 Closed 

10 1 20/200 20/70 1.0 Closed 
11 12 20/200 20/40 1.5 Closed 
12 20/400 20/40 3.0 Closed 
13 1 20/200 20/400 0.8 Open 

14 520 20/100 20/ 100 1.5 Closed 
15 32 20/200 20/200 0.8 Open 

16 36 20/200 20/30 3.0 Closed 
17 52 20/400 20/80 1.0 Closed 
18 3 20/200 20/40 3.0 Closed 
19 2 20/200 5/80 1.5 Open 

20 12 20/400 20/50 4.0 Closed 

21 104 20/400 20/400 0.8 Open 

22 52 20/200 20/200 0.8 Closed 

23 4 20/50 20/50 0.8 Open 

24 52 20/200 20/200 0.5 Open 

25 4 20/200 20/40 1.0 Closed 

26 212 20/200 20/100 0.8 Closed 

27 12 20/200 20/70 3.0 Closed 

28 12 20/200 20/200 0.8 Closed 

29 1500 20/200 20/200 0.8 Open 

30 152 20/200 CF5' 0.8 Open 

31 1 20/400 20/400 0.8 Open 

32 28 20/400 20/40 1.5 Closed 

33 12 6/400 20/200 0.8 Closed 

34 1 20/200 20/80 1.5 Closed 

35 NA 20/200 20/70 3.0 Closed 

36 52 20/200 20/200 0.8 Open 

37 12 20/300 20/70 1.5 Closed 

38 24 20/100 CF5” 1.0 Open 

39 NA 20/400 20/60 1:0 Closed 

40 6 20/200 20/400 2.0 Open 

41 52 20/400 20/400 0.8 Open 

42 104 20/200 CF5” 0.8 Open 

43 12 20/400 HM 0.3 Closed 

44 16 20/400 20/400 0.8 Open 

45 60 20/200 20/200 0.8 Open 

46 4 20/100 20/40 1.5 Closed 

47 12 20/100 20/40 3.0 Closed 

48 20 20/400 20/40 5.0 Closed 

49 12 20/200 20/25 1.5 Closed 

50 4 CF5’ 20/80 6.0 Closed 

51 104 20/200 20/400 0.8 Open 

52 4 20/200 20/200 0.8 Open 


658 Arch Ophthalmol—Vol 109, May 1991 


Tangs = m Se PE a a aa Y cU gm a WP, 7 
s C. 





Fig 9.— Top, Preoperative fluorescein angio- 
gram of patient 8, showing window defect. 
Bottom, Postoperative fluorescein angio- 
gram of the same patient, showing resolution 
of window defect. 


oped. This mottling of the retinal pig- 
mented epithelium also was observed 
in a fourth and fifth patient (Nos. 19 
and 40), after a repeated operation. 

An increase in nuclear sclerosis, of 
the type reported previously in vitrec- 
tomy,” was observed in six of the 
phakic patients. 


COMMENT 


Our observations on 52 patients over 
an approximately 2-year period pro- 
vide information for our two cuestions. 
First, we were able to reattach the 
retina around the macular hole in the 
majority of cases (30 of 52). Second, in 
most of these patients in whom re- 
attachment was obtained, there was an 
improvement in central vision (22 of 
30). We also observed the converse. In 
none of the 22 patients in whom re- 
attachment was unsuccessful did we 
see a significant improvement in cen- 
tral vision. Also of interest was the 
observation that the window defect on 
fluorescein angiography tended to re- 
solve after successful reattachment 
surgery. 

The technique we used for the iden- 
tification and removal of adherent pos- 
terior cortical hyaloid was an impor- 
tant aspect of the surgical procedure. 
The silicone tip of the extrusion needle 
was swept across the surface of the 
retina under active aspiration. Flexion 
of the tip of the extrusion needle indi- 
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cated the presence of cortical hyaloid, 
which was subsequently removed. In a 
few cases, we were unable to identify 
the cortical vitreous initially. We dis- 
covered that proceeding with the air- 
fluid exchange was an excellent meth- 
od to detect residual vitreous. If the 
cortical vitreous was still present, a 
viscous substance was noted remaining 
on the retinal surface as the last few 
drops of fluid were aspirated. Fluid 
was then returned to the eye and the 
identified vitreous removed. These 
techniques for vitreous identification 
and removal are of broad utility and 
complement traditional vitrectomy 
surgery. 

In two patients, our attempts to 
aspirate serous fluid near the edge of 
the retinal hole unfortunately resulted 
in incarceration of the mobile edge of 
the retina into the tapered tip of the 
extrusion needle. This subsequently 
resulted in a slight tear and enlarge- 
ment of the hole. In addition, we ob- 
served mottling of the retinal pigment 
epithelium in a total of five patients. 
This mottling may be the result of 
individual patient sensitivities to ma- 
nipulation, direct trauma, or prolonged 
exposure to the endoilluminator. Thus, 
surgeons are cautioned to avoid exces- 
sive aspiration near the edge of the 
macular hole and prolonged, manipula- 
tive efforts to remove tissue. The 
cause of the case of postoperative vas- 
cular occlusion is unclear but of con- 
cern. Similarly, with follow-ups longer 
than 6 months, we expect that more 
patients may demonstrate increased 
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nuclear sclerosis, as has been previous- 
ly reported after vitrectomy." 

One disappointment of our study 
was the failure to reattach the macula 
in about 40% of the patients. There 
were no apparent predictive measures 
of this failure. We hypothesize that 
there may be a number of forces at 
play. In some cases, it may relate to 
insufficient gas tamponade or poor pa- 
tient compliance with postoperative 
positioning. In others, the failure may 
be related to persistent epiretinal trac- 
tion or a stiff retina. In some cases, the 
epiretinal membranes may actually 
grow around the edge of the hole onto 
the outer retinal surface, preventing 
retinal reattachment. We did not em- 
ploy any form of "pexy" during our 
surgery in an attempt to preserve as 
much viable tissue as possible. It may 
be that the microtrauma of surgery is 
itself a form of pexy, contributing to 
the success of surgery. Further inves- 
tigation may also include minimal laser 
therapy" or tissue adhesives.” 

Our study was a pragmatic, clinical 
approach toward treating a condition 
previously considered —untreatable. 
Our results, however, also contribute 
to our understanding of the pathogene- 
sis of macular holes. As removal of the 
traction on the retina from the vitreous 
and epiretinal membranes appeared to 
allow reattachment of the retina, one 
might postulate that such traction may 
represent one of the major causes of 
the disorder. Second, as reattachment 
resulted in increased visual acuity in 
about half of the patients, it appears 
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that retinal tissue and photoreceptor 
funetion may not be permanently com- 
promised. Previous reports of retinal 
photoreceptor degeneration include 
postmortem eyes' in which the macular 
hole may have been present for longer 
than in the patients in the present 
study. In addition, we can consider 
idiopathic central serous choroidop- 
athy. In this disorder, with a relatively 
shallow detachment, vision usually im- 
proves after resolution of the choroido- 
pathy. Similarly, in macular holes, re- 
attachment at a relatively early stage 
may also result in a return of visual 
function before photoreceptor 
degeneration. 

Our clinical impression of the natural 
history of stage III or IV macular 
holes is that neither the hole nor the 
visual acuity improves if left alone. 
This impression, combined with our 
present clinical results, supports the 
treatment of macular holes by vitrec- 
tomy. In patients in whom reattach- 
ment was successful, the technique 
used appeared to allow for clinically 
significant improvements in visual acu- 
ity. However, additional work on in- 
creasing surgical success and minimiz- 
ing surgical complications, as well as a 
further understanding of the mecha- 
nism of reattachment, is required be- 
fore the widespread use of this proce- 
dure for the treatment of macular 
holes. 
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Nonarteritic Anterior Ischemie Optie 
Neuropathy and Intraocular Pressure 


Jeffrey W. Kalenak, MD; Gregory S. Kosmorsky, DO; Edward J. Rockwood, MD 


e Several reports have suggested that 
nonarteritic anterior ischemic optic neu- 
ropathy (AION) may be related to in- 
creased intraocular pressure. We re- 
viewed the records of 45 patients aged 
48 through 86 years with nonarteritic 
AION (10 patients had bilateral AION) for 
intraocular pressure measurements and 
the diagnosis of glaucoma or suspected 
glaucoma. This group was compared 
with 45 age- and sex-matched patients 
with normal eye examination results. The 
mean+SD intraocular pressures were 
16.3+3.3 mm Hg for 45 eyes of the 45 
patients with AION and 16.1+2.8 mm Hg 
for 45 eyes of the 45 control patients 
(paired t test, P=.70). Among patients 
with unilateral AION, intraocular pres- 
sure was not greater in the involved eye 
than in the uninvolved eye. Three pa- 
tients with AION had a previous diagno- 
sis of glaucoma, while three of the con- 
trol patients were being followed up with 
suspected glaucoma. We found no evi- 
dence in our series to support the hy- 
pothesis that AION is associated with 
increased intraocular pressure. 

(Arch Ophthalmol. 1991;109:660-661) 


NN 9narteritic anterior ischemic optic 

neuropathy (AION) is character- 
ized by sudden visual loss that may 
worsen over days to weeks but stabi- 
lizes thereafter. The optic dise may be 
plethoric or show pallid edema with or 
without hemorrhages. A correlation 
between AION and elevated intraocu- 


.lar pressure has been suggested by 
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several investigators." A more recent 
prospective study of diurnal intraocu- 
lar pressure changes in AION revealed 
significantly higher peak values of 
pressure in patients with AION than 
in control patients." 

We conducted a retrospective case- 
control study to examine the relation- 
ship between AION and intraocular 
pressure. 


PATIENTS AND METHODS 


Our study group consisted of patients 
with nonarteritic AION examined at the 
Cleveland (Ohio) Clinic Foundation. There 
was no age criterion. The control group was 
chosen from a group of age- and sex- 
matched patients with normal eye examina- 
tion results, disregarding the magnitude of 
intraocular pressure, seen at the Cleveland 
Clinie Foundation. Patients with a previous 
diagnosis of glaucoma were excluded from 
the control group. 

The records of each patient were re- 
viewed, and the diagnosis of nonarteritic 
AION was confirmed using a combination of 
the following criteria: age greater than 
approximately 45 years (although AION 
has been documented in younger individ- 
uals); sudden, painless visual loss; normal 
Westergren sedimentation rate: typical 
nerve fiber bundle defects on visual field 
testing; a swollen optic nerve (including 
segmental swelling); and no systemic symp- 
toms of giant-cell arteritis. In patients with 
unilateral AION, the affected eye was cho- 
sen for analysis. In patients with bilateral 
AION and in the control group, one eye of 
each patient was randomly chosen." Pa- 
tients were excluded if intraocular pressure 
was not measured at the time of examina- 
tion or if the diagnosis of AION was judged 
equivocal based on available data. 

Visual acuity was recorded for each pa- 
tient. All intraocular pressure measure- 
ments were performed with a Goldmann 
applanation tonometer. Patients seen only 
once had one pressure measurement re- 
corded. Patients seen two or three times 


had mean intraocular pressure recorded. 
For patients seen more than three times, 
the mean of the most recent three intraocu- 
lar pressure measurements was recorded. 
In addition, the highest single intraocular 
pressure for each patient was recorded. 
Information on the presence of glaucoma or 
the diagnosis of suspected glaucoma; histo- 
ry of intraocular surgery; bilaterality of 
AION; and history of systemie hyperten- 
sion, diabetes mellitus, coronary artery dis- 
ease, and peripheral vascular occlusive dis- 
ease was also obtained from the medical 
records. All eyes were either phakic or 
pseudophakie, and patients were examined 
at least 6 months following cataract extrac- 
tion so that a possible early postoperative 
intraocular pressure rise was not an issue. 
The statistical analysis consisted of the 
paired £ test for continuous variables and 
MeNemars test’ for discrete variables. 


RESULTS 


Forty-five patients each were in- 
cluded in the study and the control 
groups. Patient demographie charac- 
teristies are listed in Table 1. The 
patients with AION ranged in age 
from 48 through 86 years; the control 
patients were from 48 through 85 


Table 1.—Patient Demographic 
Characteristics 


AION* Control 
Group Group 

















No. of 

patients 45 45 
Age, y 

Mean + SD 66.7 + 9.8 66.6 + 9.7 

Range 48-86 48-85 
Sex ratio, M:F 21:24 21:24 
Race ratio, W:B 42:3 42:3 
Ratio of eyes R:L 25:20 21:24 






Bilateral AION, No. 
of patients 









10/45 


* AION indicates arterior ischemic optic neurop- 
athy. 
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Table 2.—Intraocular Pressures and Visual Acuities of Study and Control Groups 


AION" Group 
(n = 45) 


Intraocular pressure, mm Hg 
Mean + SD 


Mean + SD highest 
Median visual acuity 


* AION indicates anterior ischemic optic neuropathy. 


TPaired t test. 


Control Group 
(n — 45) 


16.3 + 3.3 16.1 = 2:6 
TO GR X 


17.3 t 2.9 
20/20 





Table 3.— Additional Comparisons of Study and Control Groups 


Diagnosis 


Control 
Group 
(n — — 


Glaucoma or suspected glaucoma 


Previous oe surgery 


* AION indicates anterior ischemic optic neuropathy. 


TMcNemar's test. 


years of age. There was no statistically 
significant difference in age between 
the study and control groups. Bilateral 
AION occurred in 10 of 45 patients. 

There was no statistically significant 
difference in intraocular pressure be- 
tween the AION group and the control 
group (Table 2). In addition, compari- 
son of the highest recorded intraocu- 
lar pressure for each patient yielded 
no significant difference between the 
AION and control groups. An analysis 
of intraocular pressure of both eyes of 
patients with unilateral AION (n^ 35) 
demonstrated no statistically signifi- 
cant difference in mean intraocular 
pressure between the involved eyes 
(16.1 3.2 mm Hg) and the uninvolved 
eyes (16.2+3.0 mm Hg). Analysis of 
other variables, including the diagno- 
sis of glaucoma or suspected glaucoma 
and a history of intraocular surgery, 
systemic hypertension, diabetes melli- 
tus, or peripheral vascular occlusive 
disease, revealed no significant differ- 
ence in the prevalence of these vari- 
ables between the AION and control 
groups (Table 3). Three patients with 
AION had a previous diagnosis of glau- 
coma, while three of the control pa- 
tients were being followed up un- 
treated, with suspected glaucoma 
(based on large physiologic cups in two 
patients and ocular hypertension in 
one patient). 

Based on the sample size (n= 45) and 
an estimate of the pooled variance, this 
study could detect a difference be- 
tween the means of 1.5 mm Hg witha 
power of 90%. In other words, the 
probability is 0.1 (10%) that a differ- 
ence of 1.5 mm Hg has been over- 
looked. 
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COMMENT 


In our series we found no evidence 
that AION is associated with elevated 
intraocular pressure. In addition, in 
patients with unilateral AION, intrao- 
cular pressure was not significantly 
greater in the involved eye than in the 
uninvolved eye. 

The mean intraocular pressures for 
both the AION and control groups 
were similar to mean intraocular pres- 
sures in previous large population 
studies. In several population studies 
(with no selection for disease cate- 
gories), mean intraocular pressures 
were found to be 15.9+3.1 mm Hg, 
17.2+3.8 mm Hg,’ and 16.2+3.4 mm 
Hg." Tomsak and Remler* reported 56 
consecutive patients with nonarteritic 
AION and noted that five had in- 
creased intraocular pressure in the in- 
volved eye. The average pressure dif- 
ference between the eyes of these five 
patients was 3.8 mm Hg (range, 1 to 
7 mm Hg). In their study, the preva- 
lence of unilateral increased intraocu- 
lar pressure associated with AION 
was 9%. This approximates the preva- 
lence of increased intraocular pressure 
on a single reading in the general 
population.*” 

Katz and associates’ determined that 
the mean peak diurnal pressure was 
greater in a small group of nonarteritic 
patients with AION (n=16) than in 
their control group (n=15). However, 
the absolute difference in mean peak 
intraocular pressures was small (19.9 
mm Hg in patients with AION com- 
pared with 17.6 mm Hg among con- 
trols). If patients with AION de- 
scribed in their study were having 


clinically significant intraocular pres- 
sure spikes over substantial periods of 
time, one might expect to find typical 
glaucomatous optic atrophy, which 
was not the case. We did not study 
diurnal pressure variation in our pa- 
tients. However, analysis of the high- 
est recorded pressure for each patient 
revealed no significant difference be- 
tween the AION and control groups. 

Several systemic vascular and endo- 
crinologic disorders are thought to pre- 
dispose patients to accelerated arterio- 
sclerosis and atherosclerosis and may 
play a role in the pathogenesis of 
AION. Repka and associates” found a 
significant association with systemic 
hypertension and diabetes mellitus 
for patients with nonarteritic AION. 
However, we found no significant dif- 
ference in the prevalence of systemic 
hypertension, diabetes mellitus, pe- 
ripheral vascular occlusive disease, or 
coronary artery disease between pa- 
tients with AION and their age- and 
sex-matched controls. 


None of the authors has an affiliation with or 
financial involvement in any organization or entity 
with a direct financial interest in the subject 
matter or materials discussed in this article. 
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Retinal Manifestations of Neurofibromatosis 


Diagnosis and Management 


Maryanna Destro, MD; Donald J. D’Amico, MD; Evangelos S. Gragoudas, MD; Robert J. Brockhurst, MD: 
Michael K. Pinnolis, MD; Daniel M. Albert, MD; Trexler M. Topping, MD; Carmen A. Puliafito, MD 


e Five patients presented with vision- 
threatening retinal tumors and system- 
ic signs of neurofibromatosis, includ- 
ing neurofibromatosis type 1 (four pa- 
tients) and familial cafe-au-lait spots 
(one patient). These tumors included 
large retinal astrocytic hamartomas, mul- 
tiple retinal capillary hemangiomas, and 
combined hamartomas of the retina and 
retinal pigment epithelium, which re- 
sulted in rubeotic glaucoma, vitreous 
hemorrhage, and retinal detachment. 
Surgical therapy included retinal cryo- 
pexy, xenon and argon photocoagula- 
tion, scleral buckling, and pars plana 
vitrectomy with excisional retinal biopsy. 
Retinal tumors may result in marked vi- 
sual loss in patients with neurofibroma- 
tosis, and vitreoretinal surgery may re- 
store useful vision in some of these 
patients. 

(Arch Ophthalmol. 1991;109:662-666) 


eurofibromatosis is the most com- 

monly reported phakomatosis in 
the United States, with an estimated 
prevalence of 100 000 persons.' In the 
past, patients with neurofibromatosis 
have been grouped together under the 
term “von Recklinghausen' disease." 
Recent advances in molecular genet- 
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ies, however, have shown that there 
are at least two genetically distinct 
forms of neurofibromatosis: neurofi- 
bromatosis type 1 (NF-1, previously 
described as “classic” or “peripheral” 
neurofibromatosis) and neurofibroma- 
tosis type 2 (NF-2, previously de- 
scribed as “central” or “bilateral acous- 
tic” neurofibromatosis) (Table)? Both 
NF-1 (affecting approximately 1 in 
4000 individuals) and NF-2 (affecting 
approximately 1 in 50 000 individuals) 
are known to be dominantly inherited. 
The genetic mutation responsible for 
NF-1 has recently been identified on 
the long arm of chromosome 17, while 
that for NF-2 appears to be on the long 
arm of chromosome 22.* 

In addition, variant forms are 
thought to exist, including segmental 
neurofibromatosis and familial cafe-au- 
lait spots." However, to date, the 
precise classification of these variant 
forms has not been well defined. 

While ophthalmic manifestations, 
such as iris Lisch nodules, ciliary body 
and choroidal neurofibromas, optic 
nerve gliomas, sphenoid bone dyspla- 
sias, and eyelid plexiform neuromas, 
have frequently been noted in patients 
with NF-1," and juvenile posterior 
subcapsular lens opacities have fre- 
quently been noted in patients with 
NF-2," retinal lesions have rarely 
been described. In addition, one recent 
text has stated that “the ophthalmolo- 
gist has no medical or surgical manage- 
ment to offer patients with neurofibro- 
matosis who have retinal or choroidal 
lesions.” 

We report the surgical management 
of five patients (aged 3 to 25 years) 


who presented with vision-threatening 
retinal tumors and systemic signs of 
neurofibromatosis. 


REPORT OF CASES 


CASE 1.—A 16-year-old white male ado- 
lescent presented with a 3-month history of 
decreased vision in his right eye. Best 
corrected visual acuity was light perception 
in the right eye and 20/20 OS. Slit-lamp 
examination and funduscopie examination 
of the left eye yielded normal findings. 
However, funduscopic examination of the 
right eye revealed a total retinal detach- 
ment with a large, irregular, yellow retinal 
mass in the superonasal periphery. The 
mass was highly vascularized, and en- 
gorged vessels were noted extending from 
the optic disc toward and away from this 
peripheral mass. In addition, a retinal dialy- 
sis was present at the tumor's anterior 
margin (Fig 1, top). 

Ultrasonography revealed marked retinal 
thickening with a normal underlying cho- 
roid, and computed tomography of the or- 
bits confirmed a noncalcified retinal mass. 
Fluorescein angiography showed abnormal- 
ly large retinal arterioles and venules feed- 
ing and draining the mass, with fluorescein 
leakage from the intrinsic tumor vascula- 
ture (Fig 1, bottom). Physical examination 
revealed numerous large cafe-au-lait spots 
on his trunk and limbs and a neurofibroma 
on his arm. His mother was noted to have 
similar findings, and both he and his mother 
were subsequently confirmed to have NF-1. 

The patient’s retinal tumor was believed 
to represent an astrocytic retinal hamar- 
toma associated with a rhegmatogenous 
retinal detachment and NF-1. He subse- 
quently underwent a pars plana vitrectomy 
with excisional retinal biopsy. Intraoper- 
atively, the tumor was outlined with intra- 
ocular diathermy, excised en bloc with in- 
traocular scissors, and withdrawn through 
the superotemporal pars plana sclerotomy. 
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Diagnosis requires two or more of the 

following: 

1. Six or more cafe-au-lait spots >5 
mm in diameter in prepubescent or 
>15 mm in diameter in 
postpubescent individuals. 

. Two or more neurofibromas of any 
type or one plexiform neurofibroma. 

. Freckling of axillary, inguinal, or 
other intertriginous areas. 

. Optic nerve glioma. 

. =2 iris Lisch nodules. 

. A distinctive osseous lesion, such as 


sphenoid bone dysplasia or thinning 
of the long-bone cortex, with or 
without pseudoarthrosis. 

. A first-degree relative with NF-1 per 
the above criteria. 


NF-2 
Diagnosis requires e/ther: 
1. Bilateral eighth-nerve masses seen 
with appropriate neuroradiologic 
imaging techniques. 


. A first-degree relative with NF-2 and 
either a unilateral eighth-nerve mass 
or two of the following: (a) 
neurofibroma, (b) meningioma, (c) 
glioma, (d) schwannoma, or (e) 
juvenile posterior subcapsular 
cataract. 





The tumor was noted to be very stiff, 
requiring enlargement of the sclerotomy to 
4 mm to allow atraumatic removal from the 
eye. An air-fluid exchange was performed, 
resulting in complete reattachment of the 
retina. Two rows of endolaser photocoagu- 
lation burns were placed around the poste- 
rior margins of the biopsy site, and a single 
row of transscleral cryopexy was placed 
along the anterior margin. The intraocular 
air was exchanged with 16% perfluoropro- 
pane gas, and the patient was placed in a 
prone position postoperatively. 

Histopathologic examination of the ex- 
cised 8x9-mm specimen revealed a large 
glial (astrocytic) hamartoma of the retina. 
Whorls of spindle-shaped tumor cells were 
present with long cellular processes, consis- 
tent with retinal astrocytes. Numerous vas- 
cular channels were also present (Fig 2). 
Transmission electron microscopy con- 
firmed the presence of proliferating retinal 
astrocytes with characteristic nuclear in- 
dentations, margination of the nuclear chro- 
matin, and 6-nm glial filaments within the 
long cellular processes. 

The patient initially did well; however, he 
returned 4 weeks postoperatively with se- 
vere proliferative vitreoretinopathy associ- 
ated with giant retinal tears in the infero- 
temporal and superonasal quadrants and a 
total redetachment of the retina. Repeated 
pars plana vitrectomy combined with pars 
plana lensectomy, a 360° retinotomy, and 
injection of intravitreal silicone oil resulted 
in successful reattachment of the retina. He 
later underwent silicone oil removal with 
additional epiretinal membrane peeling, 
and, on the most recent follow-up visit 4 
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months later, his retina was attached; how- 
ever, his visual acuity was limited to hand 
motions from residual subretinal fibrosis 
distorting the macula. 

CASE 2.—A 15-year-old white male ado- 
lescent presented with sudden decreased 
vision in his right eye, associated with pain 
and photophobia. Best corrected visual acu- 
ity was 20/100 OD and 20/20 OS. Slit-lamp 
examination of the right eye revealed neo- 
vascularization of the iris associated with 
iritis and elevated intraocular pressure 
(40 mm Hg). No iris Lisch nodules were 
seen. Funduscopic examination of the right 
eye revealed a superior retinal detachment 
associated with a retinal dialysis. The de- 
tached retina directly posterior to the reti- 
nal dialysis appeared to be abnormally 
thickened and vascularized. 

Physical examination revealed multiple 
cafe-au-lait spots, and the patient, his moth- 
er, and his sister had been previously diag- 
nosed as having NF-1. Following medical 
control of his iritis and glaucoma, a scleral 
buckling procedure was performed on the 
right eye associated with external drainage 
of subretinal fluid and cryopexy of the 
margins of the superior retinal dialysis. On 
the first postoperative day, the retina was 
reattached. However, it was recognized at 
that time that the abnormally thickened, 
vascularized retina posterior to the retinal 
dialysis actually represented a retinal mass. 
This mass was believed to be a peripheral 
astrocytic hamartoma in a patient with 
NF-1. 

The patients visual acuity initially im- 
proved to 20/70 OD; however, shifting sub- 
retinal fluid was present inferiorly, which 
appeared to be originating from the superi- 
or, vascularized mass. Intense, confluent 
argon laser photocoagulation was applied to 
this mass in multiple sessions during the 
next several months. However, shifting 
subretinal fluid persisted, and the patient 
eventually lost all light perception second- 
ary to chronic exudative retinal detachment 
and neovascular glaucoma. 

CASE 3.—A 3-year-old white boy was 
noted to have progressive exotropia with 
decreased vision in his left eye. Visual 
acuity was 20/30 OD and hand motions in 
the left eve. Slit-lamp examination revealed 
two small nodules on his inferior left iris. 
Funduscopic examination revealed bilateral 
retinal masses. In the left eye, a thickened, 
peripapillary retinal mass was present asso- 
ciated with lipid exudation, overlying glio- 
sis, and distortion of the retinal vessels and 
macula (Fig 3, left). In the right eye, a large 
yellow retinal mass was noted in the far 
temporal periphery associated with en- 
gorged retinal vessels. In addition, hyper- 
pigmentation was noted surrounding the 
posterior margins of the mass (Fig 3, right). 

Physical examination revealed multiple 
cafe-au-lait spots on his trunk, and the 
patient's brother, maternal aunt, and ma- 
ternal cousin were also known to have cafe- 
au-lait spots, although a definitive diagnosis 
of NF-1 or NF-2 had not been established. 

The patients fundus lesions were be- 
lieved to represent combined hamartomas 
of the retina and retinal pigment epithelium 
associated with familial cafe-au-lait spots. 


No treatment was administered at that 
time. However, 4 months later, visual acu- 
ity in his right eye had decreased to count- 
ing fingers secondary to a vitreous hemor- 
rhage originating from the peripheral 
retinal mass. This mass was subsequently 
treated with retinal eryopexy, with use of a 
single freeze-thaw technique. This resulted 
in involution of the vascularized mass, with 
clearing of the vitreous hemorrhage. Eight 
months later, at the most recent follow-up 
visit, his visual acuity had improved to 
20/60 OD. 

CASE 4.—A 25-year-old white woman 
with a history of NF-1 presented with acute 
vision loss in her left eye. Visual acuity was 
20/20 OD and hand motions in the left eye. 
Slit-lamp examination revealed numerous 
iris Lisch nodules bilaterally (Fig 4, top). 
Funduscopic examination of the right eye 
yielded normal findings. However, fundu- 
scopic examination of the left eye revealed a 
total retinal detachment with a large retinal 
tear in the inferotemporal far periphery. 
The retina surrounding this tear appeared 
abnormally thickened and irregular, and 
posterior to this area, a smaller, discrete 
intraretinal lesion was also noted associated 
with overlying gliosis and a surrounding 
rim of hyperpigmentation (Fig 4, center). 
Fluorescein angiography revealed abnormal 
vascularization of this smaller, posterior 
retinal lesion, as well as blockage of fluores- 
cence by its surrounding rim of pigment 
(Fig 4, bottom). 

Physical examination revealed axillary 
freckling, multiple cafe-au-lait spots, and 
peripheral neurofibromas on her trunk and 
limbs, and a skeletal deformity of her left 
leg. 

Her retinal mass was believed to repre- 
sent a combined hamartoma of the retina 
and retinal pigment epithelium associated 
with a rhegmatogenous retinal detachment 
and NF-1. Subsequently, she underwent a 
scleral buckling procedure with cryopexy to 
the margins of the retinal tear and to the 
pigmented mass posterior to the retinal 
tear. At the most recent follow-up visit 1 
month later, her visual acuity was 5/200 and 
her retina was completely reattached. 

CASE 5.—A 17-year-old white female ad- 
olescent complained of decreased vision in 
her left eye. At the age of 10 years, she had 
presented with a superonasal retinal de- 
tachment in her right eye associated with a 
retinal dialysis. At that time, her visual 
acuity was 20/70 OD and 20/40 OS, and her 
retinal dialysis was thought to be secondary 
to a previous motor vehicle accident. How- 
ever, examination of the left eye had re- 
vealed an incidental finding of a single, 
small, retinal capillary hemangioma, lo- 
cated several disc diameters temporal to 
the fovea. She subsequently underwent a 
successful scleral buckling procedure in the 
right eye with xenon photocoagulation of 
the angioma in the left eye. 

On presentation 7 years later, her visual 
acuity in the right eye was unchanged at 
20/70, but visual acuity in her left eye had 
decreased to counting fingers at 20 ft. Slit- 
lamp examination yielded normal findings. 
Funduscopic examination of the right eye 
revealed an attached retina with a supero- 
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nasal scleral buckle. In addition, retinal 
capillary hemangiomas were noted along 
the superotemporal vessels associated with 
hard exudate and preretinal fibrosis. Fun- 
duscopic examination of the left eye re- 
vealed chorioretinal scarring along the in- 
ferotemporal arcade extending into the 
posterior pole. In addition, numerous reti- 
nal capillary hemangiomas were present in 
the posterior pole and midperiphery associ- 
ated with extensive retinal edema and lipid 
exudation. 

Her physical examination revealed multi- 
ple cafe-au-lait spots and peripheral neuro- 
fibromas, one of which was confirmed on 
histologic examination. Her neurologic and 
otologie examinations otherwise yielded 
normal findings, as did computed tomogra- 
phy of the orbits, brain, and brain stem. 
Both she and her father were subsequently 
diagnosed as having NF-1. 

She underwent xenon photocoagulation 
of the hemangiomas in her left eye, which 
resulted in resorption of the retinal edema 
and exudation. Examination 6 years later 
revealed visual acuities of 20/60 OD and 
20/400 OS. Findings of funduscopie exami- 
nation of the right eye were unchanged, and 
examination of the left eye revealed chor- 
ioretinal scarring without evidence of reti- 
nal hemangiomatosis or lipid exudation. 
Two years later, however, several new 
hemangiomas were noted in the left eye, 
which subsequently regressed following fo- 
cal argon laser photocoagulation. 


COMMENT 


Review of two recent surveys of the 
ophthalmic manifestations of NF-1^ 
and two surveys of the ophthalmic 
manifestations of NF-2"' failed to re- 
veal any eyes with retinal tumors. 
Among the combined 130 patients with 
NF-1, more than one third displayed 
flat choroidal lesions thought to be 
choroidal neurofibromas. Six patients 
had retinal findings, including one pa- 
tient with a sectoral chorioretinal scar, 
one patient with myelinated nerve fi- 
bers, one patient with peripheral retin- 
oschisis, and three patients with con- 
genital hypertrophy of the retinal 
pigment epithelium. None of the pa- 
tients with NF-2" was reported to 
have retinal lesions. 

However, there have been occasion- 
al reports of retinal tumors in patients 
with neurofibromatosis, including as- 
trocytic (glial) hamartomas, combined 
hamartomas of the retina and retinal 
pigment epithelium, and retinal capil- 
lary hemangiomatosis. * 


Retinal Astrocytic Hamartomas 
and Neurofibromatosis 


Astrocytic hamartomas in neurofi- 
bromatosis have most frequently been 
noted to involve the optic nerve and 
have resembled the small, white *mul- 
berry" astrocytic hamartomas seen in 
patients with tuberous sclerosis. How- 
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ever, these tumors have occasionally 
been noted to be much more extensive. 
In one such case reported by Martyn 
and Knox," a 12-year-old girl with NF- 
1 and light perception visual acuity in 
the right eye was noted to have large, 
yellow retinal tumors around the optic 
dise and in the superotemporal periph- 
ery associated with engorged retinal 
vessels extending to the peripheral 
retinal mass. She subsequently devel- 
oped a blind, painful eye from rubeotic 
glaucoma, retinal detachment, and 
subretinal hemorrhage, and histologic 
examination following enucleation con- 
firmed the diagnosis of astrocytic (gli- 
al) hamartoma of the retina. 

Similarly, our first two patients (pa- 
tients 1 and 2) appeared to have large, 
peripheral, vascularized, retinal astro- 
cytic hamartomas. In both of these 
patients, rhegmatogenous retinal de- 
tachments were present associated 
with retinal dialyses along the anterior 
margin of the hamartoma. These find- 
ings suggest that traction from the 
gliotic retinal masses may have con- 
tributed to the development of the 
retinal dialyses and subsequent retinal 
detachments. 

A possible suppressor gene has re- 
cently been discovered located on chro- 
mosome 17, whose deletion might be 
responsible for the central nervous 
system astrocytomas seen in patients 
with neurofibromatosis and in those 
without associated phakomatoses. " 


Combined Hamartoma of the Retina 
and Retinal Pigment Epithelium 
and Neurofibromatosis 


A second hamartomatous lesion— 
combined hamartoma of the retina 
and retinal pigment epithelium (CHR- 
RPE)—has also been reported in 
patients with neurofibromatosis. ^ * 
Gass" initially described a patient with 
CHR-RPE with cutaneous signs sug- 
gestive of neurofibromatosis. In addi- 
tion, he reported having viewed photo- 
graphs of a patient with bilateral 
CHR-RPE who had been diagnosed as 
having "von Reckinghausen's neurofi- 
bromatosis," and both Cotlier" and 
Landau et al" have subsequently de- 
scribed patients with NF-2 and CHR- 
RPE involving the optic disc and mac- 
ula. Likewise, Gass has examined 
three children with cafe-au-lait spots 
and CHR-RPE, two of whom had bi- 
lateral hamartomas and one of whom 
had a solitary hamartoma (J.A.M. 
Gass, MD, Univeristy of Miami, Bas- 
com Palmer Eye Institute, written 
communication, August 1, 1988). 
One of these patients was a 
30-month-old girl with an elevated, 
partially pigmented mass in the macu- 
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lar region associated with overlying 
gliosis.” She subsequently developed 
an exudative retinal detachment with 
secondary neovascular glaucoma, and 
her eye was enucleated. Histologic ex- 
amination confirmed the diagnosis of 
CHR-RPE. 

Similarly, our patients 3 and 4 ap- 
peared to have CHR-RPE associated 
with systemic signs of neurofibromato- 
sis. In patient 3, these tumors resulted 
in macular distortion and spontaneous 
vitreous hemorrhage. In patient 4, a 
retinal tear developed anterior to the 
retinal mass associated with the devel- 
opment of a total retinal detachment. 
Contraction of this gliotic retinal mass 
may have contributed to the develop- 
ment of the retinal tear and retinal 
detachment. 


Retinal Capillary Hemangiomatosis 
and Neurofibromatosis 


A third retinal hamartomatous le- 
sion—retinal capillary hemangiomato- 
sis—has also been reported to occur in 
patients with neurofibromatosis. Fren- 
kel" described a 31-year-old man with 
NF-2 who presented with bilateral, 
small retinal hemangiomas along the 
superior and inferior temporal ar- 
cades. In addition, Thomas et al" de- 
scribed three members of a family who 
displayed ocular and systemic findings 
of both neurofibromatosis and von Hip- 
pel-Lindau disease. 

Similarly our patient 5 developed 
bilateral retinal capillary hemangiomas 
associated with NF-1. These hemangi- 
omas resulted in extensive retinal ede- 
ma and lipid exudation. Neither she 
nor members of her family displayed 
evidence of concurrent von Hippel- 
Lindau disease. 


Management of Retinal Tumors 
Associated With Neurofibromatosis 


There are few guidelines in the liter- 
ature regarding the management of 
retinal tumors in patients with neurofi- 
bromatosis. Our cases demonstrate 
that these lesions may be visually 
threatening and may respond to surgi- 
cal intervention. Three of our patients 
underwent surgical repair of associat- 
ed rhegmatogenous retinal detach- 
ments, and two developed exudative 
intraretinal and subretinal detach- 
ments requiring treatment with photo- 
coagulation and/or retinal cryopexy. 
While the visual outcome in our pa- 
tients has been limited, to date three 
of five have retained ambulatory vision 
(275/200) in their affected eye(s). 

When a child or adolescent presents 
with a retinal mass, entities such as 
retinoblastoma, Coats disease, toxo- 
cariasis, and toxoplasmosis most fre- 
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Fig 1.—Top, Fundus appearance in patient 1 
included a yellow retinal mass in the supero- 
nasal periphery associated with a retinal dial- 
ysis and total retinal detachment. Bottom, 
Fluorescein angiogram from patient 1 dem- 
onstrates a vascularized retinal mass. 
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Fig 2.—Light microscopic appearance in patient 1 reveals an 
astrocytic hamartoma of the retina composed of uniform, spin- 
dle-shaped cells with small, oval nuclei and long cytoplasmic 
processes (hematoxylin-eosin, original magnification x 40). 


Fig 4.— Top, Iris photograph from patient 4 demonstrates multi- 
ple Lisch nodules. Center, Fundus photograph from patient 4 
demonstrates a small, gliotic retinal lesion with surrounding 
hyperpigmentation (at center of photograph). Anterior to this 
lesion, the retina was abnormally thickened and contained a 
large retinal tear. The retina was totally detached. Bottom, 
Fluorescein angiogram from patient 4 demonstrates abnormal 


vascularization of the small retinal mass. 
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Fig 3.—Left, Fundus photograph of the left eye of patient 3 demonstrates a peripapillary mass 
associated with lipid exudation and overlying gliosis. Right, Fundus photograph of the right eye 
of patient 3 demonstrates a peripheral yellow retinal mass associated with abnormal vascular- 
ization and surrounding hyperpigmentation. 
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quently come to mind. Factors such as 
age at onset, clinical presentation and 
progression, associated ocular and/or 
systemic findings, roentgenographic 
and laboratory values, and family his- 
tory are all very helpful in determining 
the correct diagnosis and treatment. 
In this differential diagnosis, it must 
be recognized that retinal hamarto- 
mas occasionally develop in patients 
with neurofibromatosis. Furthermore, 
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it appears that these retinal tumors 
may be visually threatening and may 
develop without the more familiar oph- 
thalmic and orbital signs associated 
with neurofibromatosis. Recognition of 
these tumors may alert the physician 
to the presence of neurofibromatosis 
and may prevent the unnecessary enu- 


cleation of these eyes,” which, on occa- 


sion, have been mistakenly thought to 
harbor a retinoblastoma or malignant 
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Optic Nerve Sheath Decompression for Nonarteritic 
Ischemic Optic Neuropathy Improves Multiple 
Visual Function Measurements 


Shalom E. Kelman, MD, Michael J. Elman, MD 


e Optic nerve sheath decompression 
was performed in seven patients with 
nonarteritic anterior ischemic optic neu- 
ropathy. Visual function was evaluated 
by measurement of visual acuity with 
standardized Early Treatment Diabetic 
Retinopathy Study charts, color vision 
testing, quantitation of relative afferent 
pupillary defects with neutral-density fil- 
ters, and Goldmann and Humphrey peri- 
metry. Visual acuity improved markedly 
in all patients (at least doubling of the 
visual angle); the peripheral visual field 
expanded by at least 20° (as measured by 
Goldmann perimetry) in six patients. 
Three patients also experienced marked 
improvement in color vision, relative af- 
ferent pupillary defect, and foveal sensi- 
tivity. Our experience supports the pos- 
sible beneficial effect of optic nerve 
sheath decompression in patients with 
nonarteritic anterior ischemic optic 
neuropathy. 

(Arch Ophthalmol. 1991;109:667-671) 


onarteritic ischemic optic neuropa- 
thy (NAION) typically presents 
with sudden, often profound visual loss 
from anterior optic nerve infarction.’ 
In up to 25% of affected patients, 
visual acuity continues to worsen 1 to 4 
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weeks after onset of symptoms." The 
dynamic, evolving visual loss seen in 
progressive NAION may relate to pro- 
gressive ischemia and blocked axoplas- 
mic transport. ** 





See also pp 612 and 613. 





Sergott et al’ have reported that 
12 of 14 patients with progressive 
NAION showed marked improvement 
in visual function following optic nerve 
sheath decompression (ONSD) with ly- 
sis of subarachnoid adhesions. Encour- 
aged by these results, we performed 
ONSD in five consecutive patients 
with progressive NAION and two pa- 
tients with nonprogressive NAION. 
Comprehensive visual function studies 
were performed in all patients in a 
standardized fashion. 


PATIENTS AND METHODS 


The study comprised four men and three 
women whose ages ranged from 55 to 85 
years (mean, 69 years) (Table). All patients 
presented with painless decreased central 
visual acuity and visual field defects typical 
of NAION.” Disc edema and peripapillary 
hemorrhages were present in the involved 
eye. Slit-lamp examination revealed no evi- 
dence of inflammatory cells in the anterior 
segment or vitreous. Vasculitis screening, 
including determination of a Westergren 
erythrocyte sedimentation rate, yielded 
normal findings. None of the patients had a 
prior history of visual loss consistent with 
optic neuritis or a history of neurologic 
disease consistent with multiple sclerosis. 

Five patients developed progressive 
worsening of visual acuity and visual field 


loss 1 to 3 weeks after the onset of symp- 
toms. In contrast, two patients experienced 
immediate, profound visual loss to their 
preoperative level without progressive loss 
of visual function. Bilateral congenital 
anomalous discs‘ (lack of physiologic central 
cup) were noted in six patients. Patient 2 
had experienced NAION in the fellow eye 2 
years before the current episode. Follow-up 
ranged from 3 to 10 months (mean, 7 
months). The remaining clinical features 
are summarized in the Table. 

The best corrected visual acuity was mea- 
sured with the Early Treatment Diabetic 
Retinopathy Study (ETDRS) charts with 
standardized lighting.” When worse than 
5/200, visual acuity was graded as counting 
fingers, hand motions, or light perception. 
Color vision was assessed by Hardy-Rand- 
Rittler color plates. Relative afferent pupil- 
lary defects (RAPDs) were quantified with 
neutral-density filters ranging in strength 
from 0.3 to 3.0 log units.” A certified techni- 
cian measured ETDRS visual acuity, per- 
formed Goldmann peripheral visual field 
testing, and monitored Humphrey program 
24-2 automated perimetry. 

Visual acuity was considered improved 
when (1) the visual angle doubled (ie, im- 
proved by three or more lines, eg, from 
20/100 to 20/50) or (2) it increased by at 
least one level of central visual function 
when visual acuity was less than 5/200 (eg, 
from hand motions to counting fingers at 1 
ft). Assessment of visual field improvement 
was based on an expansion of at least 20° of 
the V-4-e isopter on Goldmann perimetry or 
an increase of 5 dB of mean deviation (MD) 
on automated fields. 


RESULTS 
Surgical Findings 


All patients underwent modified 
ONSD with lysis of subarachnoid adhe- 
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Clinical Features of Patients With Nonarteriti 


Acutely Interval 
Patient Involved and From 
No./Age, Underwent Ophthalmologic Onset to Preoperative Postoperative 
y/Sex Surgery - Medical History History Surgery, d VA, OD, OS VA, OD, OS 
1/75/F OD Stable angina Congenital anomalous 15 CF, 20/20 20/ 100, 20/20 
discs OU; cataract 
extraction OD 4 wk 
before visual loss 
2/66/M OD Hypertension NAION OS 2 y prior; 40 CF, 20/800 20/200, 20/400 
congenital anomalous 
discs OU 
3/75/M OD Non-insulin dependent Congenital anomalous 14 CF, 20/25 5/160, 20/25 
diabetes for 5 y; discs OU 
receiving oral agents for 
4y 
4/63/F OS Hypertension None 28 20/25, CF 20/25, 20/125 
5/85/F OD Labile hypertension Congenital anomalous 16 CF, 20/40 20/200, 20/40 
discs OU 
6/55/M OD None Congenital anomalous 17 20/400, 20/20 20/80, 20/20 
discs OU 
7/66/M OD Right-sided pontine infarct Cataract OS; congenital 20 HM, 20/80 20/160, 20/70 


3 y previously; 


anomalous discs OU 


hypertension for 10 y 


* VA indicates visual acuity; RAPD, relevant afferent pupillary defect; CF, counting fingers at 1 ft; F, foveal sensitivity (in decibels); MD, mean deviation; HM, hand mo- 


tions; and PCA, posterior ciliary artery. 


fPlus sign indicates progressive disease; minus sign, nonprogressive disease. 


sions by the same surgeon (S.E.K.) 
aecording to the method described by 
Sergott et al." Surgery was performed 
between 14 and 40 days after the onset 
of visual symptoms. No correlation 
was found between the timing of sur- 
gery and visual outcome. 

At surgery, mild distention of the 
optie nerve sheaths was noted, al- 
though not to the extent we have 
observed in pseudotumor cerebri. In 
patient 7, a medial posterior ciliary 
artery was markedly sclerotic and ap- 
peared to be occluded; in the remaining 
cases, the vessels overlying the optic 
nerve sheath appeared to be normal. 
Incision of the meningeal sheath re- 
sulted in the release of moderate 
amounts of cerebrospinal fluid (CSF), 
sometimes interspersed with small lip- 
id droplets.‘ In three patients, the 
consistency of the arachnoid appeared 
to be thickened and gumlike (Table). 
An arachnoid biopsy was attempted 
without success. There were no surgi- 
cal complications. 


Visual Recovery 


All patients showed marked im- 
provement in visual acuity following 
surgery (Table, Fig 1). Patients 1 and 
2 experlenced improved vision within 
the first week after surgery. In the 
remaining five patients, visual recov- 
ery usually began by the third postop- 
erative week, and vision continued to 
improve during the next 8 weeks. 

The results of preoperative and 
postoperative color vision testing, 
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RAPD measurements, and visual field 
testing are recorded in the Table. The 
peripheral Goldmann visual fields im- 
proved in six patients. The three pa- 
tients in whom color vision test- 
ing showed improvement also demon- 
strated improvement of the RAPD and 
foveal sensitivity as well as expansion 
of Goldmann visual fields. In the 
remaining four patients, automated 
fields were deemed unreliable because 
of excessive fixation losses or high 
false-positive and false-negative re- 
sponses. These four patients also failed 
to show improvement in RAPD and 
color vision, even though visual acuity 
improved. However, the Goldmann vi- 
sual field expanded markedly in three 
of these four patients. 

The clinical courses of three repre- 
sentative cases are presented in detail 
below. 


Patient 1 


A 75-year-old hypertensive white 
woman noted sudden visual blurring in 
her right eye. Four weeks earlier, she 
had undergone an uncomplicated ex- 
tracapsular cataract extraction with a 
posterior chamber intraocular lens im- 
plant. Two weeks postoperatively, vi- 
sual acuity was 20/25 OD; 2 weeks 
later, the patient noticed increased 
blurring of vision, which progressively 
worsened during the next week. She 
was examined 9 days after the onset of 
her initial symptom of blurred vision. 
Visual acuity measured 20/400 OD and 
20/20 OS. An RAPD and an inferior 
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Preoperative Visual Acuity 





Fig 1.— Preoperative and postoperative visu- 
al acuities in seven patients treated with optic 
nerve sheath decompression for nonarteritic 
anterior ischemic optic neuropathy. The 45* 
solid line represents no change in visual acu- 
ity. HM indicates hand motions; CF, counting 
fingers. 


altitudinal visual field defect were not- 
ed. The optic dise was swollen with 
streak peripapillary hemorrhages. 

The patient was referred to the 
University of Maryland (Baltimore) 
Neuro-Ophthalmology Service for con- 
sideration of ONSD. In just 2 days, 
distance visual acuity in the right eye 
declined to counting fingers at 1 ft. She 
could not identify any Hardy-Rand- 
Rittler pseudoisochromatic color plates 
with the right eye. An RAPD, measur- 


ing 0.9 log units, was present in the 


right eye. The markedly elevated right 
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Anterior Ischemic Optic Neuropathy (NAION)* 


Humphrey 
Color RAPD Visual Field 
D —— Goldmann | ———————— ——————— 
Progres- Preop- Postop- Color Preop- Postop- RAPD Visual Preop- Postop- Operative Follow-up, 
sivet eratively  eratively (Change) eratively  eratively (Change) Field eratively eratively Findings mo 
t 3/10 8/10 T5 0.9 0.3 +0.6 T25" F=0 F=27 TE 10 


MD — —20.8 MD-— —9.52 


+ 0/10 0/10 ada 0.3 0.3 oe +30° Not reliable Thick 10 
arachnoid 
+ 0/10 0/10 BS a 2.1 "n No change Not reliable Thick 6 
arachnoid 
+ 0/10 4/10 +4 2.1 1.2 +0.9 +20° F=0 F=13 ae 3 
MD-—-—17.11 MD=-—15.25 
t- T 0/10 0/10 e OE 2.1 2.1 oor +20° Not reliable Thick 10 
arachnoid 
— 1/10 7110 +6 1.5 0.6 +0.9 +30° F=6 F=22 PA 10 
MD — —25.3 MD=-— 18.3 
ps 0/10 0/10 bud Lz Lc bus 450? Not reliable PCA occlusion 5 


optic disc was surrounded by peripapil- 
lary hemorrhages. The left optic disc 
was small and cupless. Goldmann visu- 
al fields demonstrated a relative inferi- 
or altitudinal scotoma involving central 
fixation. Humphrey program 24-2 pe- 
rimetry revealed a foveal sensitivity of 
0 dB and global depression with an MD 
of —20.8 dB (Fig 2, left). 

An uncomplicated right-sided ONSD 
with lysis of subarachnoid adhesions 
was performed. By the third postoper- 
ative day, the patient noted some sub- 
jective visual improvement; she now 
could identify faces, which she was 
unable to recognize preoperatively. 
One week postoperatively, visual acu- 
ity improved to 20/100. Five of 10 color 
plates were correctly identified. Her 
RAPD improved to 0.3 log units. Auto- 
mated perimetry showed improvement 
on both MD and foveal sensitivity (Fig 
2, right). Goldmann visual fields ex- 
panded by 25° to the V-4-e isopter. Ten 
months postoperatively, visual acuity 
remains stable at 20/100. Optic disc 
pallor developed superiorly, and disc 
edema completely resolved. 


Pattern Pattern 


Deviation Deviation 


Patient 2 


A 66-year-old man was referred be- 
cause of acute onset of blurred vision 





in his right eye. Seven years earlier, Fig 2.—Left, Preoperative pattern deviation depiction of the Humphrey 24-2 visual field in patient 
he experienced a sudden loss of vision 1. Mean deviation was — 20.8 dB, and foveal sensitivity was zero. Right, Postoperative pattern 
in his left eye following cataract ex- deviation depiction of the Humphrey 24-2 visual field in patient 1. Mean deviation was — 9.52 dB, 


traction, attributed to ischemic optic and foveal sensitivity was 27 dB. Note increased sensitivity, especially supranasally. 


neuropathy. The patient was first seen 
7 days after the onset of his symptoms; 
visual acuity was 20/100 OD. He was 
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treated with oral prednisone, starting 
at 60 mg/d and tapering over 2 weeks 
to 5 mg/d. During this time, despite 
treatment, the patient noted progres- 
sive worsening of his vision. He was 
referred to the University of Maryland 
Hospital 3 weeks after the onset of his 
symptoms. Visual acuity measured 
counting fingers in the right eye at 1 ft 
and 20/800 OS. On color plate testing, 
the patient identified zero of 10 plates 
with both eyes. An afferent pupillary 
defect measuring 0.3 log units was 
present in the right eye. Goldmann 
visual fields showed marked constric- 
tion of the V-4-e isopter in both eyes. 
A fundus examination revealed supe- 
rior dise swelling, with a flame-shaped 
hemorrhage in the right eye. The 
markedly pale optic dise in the fellow 
eye also lacked a central cup. 

We performed an uncomplicated 
right-sided ONSD with lysis of subar- 
achnoid adhesions. One day after sur- 
gery, the patient noted improvement 
in brightness and color vision. Visual 
acuity improved to 20/200 at postoper- 
ative week 1. Five months postopera- 
tively, the patient’s visual acuity is 
maintained at 20/200 OD; visual acuity 
in the eye not operated on has im- 
proved to 20/400. The optic disc edema 
has evolved into disc pallor, and visual 
fields have expanded in both eyes. 


Patient 6 


A 55-year-old computer programmer 
noted the acute, painless onset of a 
central blur in his right eye. When the 
patient was initially seen 15 days after 
the onset of symptoms, visual acuity 
was 20/400 OD and 20/20 OS. On color 
plate testing, one of 10 plates was 
identified with the right eye and 10 of 
10 plates with the left eye. A 1.5-log 
unit RAPD was measured in the right 
eye. Fundus examination revealed a 
swollen superior optic dise with a cot- 
ton-wool spot off the disce at the 
5-0'clock position. The optic disc in the 
fellow eye had a congenital anomaly 
without a central cup. Goldmann visual 
fields in the right eye demonstrated 
marked depression of the entire field, 
especially inferiorly. Foveal sensitivity 
was 6 dB (Fig 3, left). The patient did 
not experience any subjective worsen- 
ing from the onset of symptoms. 

One month following ONSD sur- 
gery, visual acuity had improved to 
20/80 OD. Color plate testing results 
improved to seven of 10 plates identi- 
fied with the right eye. The RAPD had 
decreased to 0.6 log units. Five months 
following surgery, the patient has 
maintained a visual acuity of 20/80 OD, 
and eight of 10 color plates were iden- 
tified correctly; a 0.6-log unit RAPD 
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Fig 3.— Left, Preoperative pattern deviation depiction of the Humphrey 24-2 visual field in patient 
6. Mean deviation was — 24.3 dB, and foveal sensitivity 6 dB. Right, Postoperative pattern 
deviation depiction of the Humphrey 24-2 visual field in patient 6. Mean deviation was — 18.3 dB, 
and foveal sensitivity was 22 dB. Note the marked increase in sensitivity in the superior field. 


remains in the right eye. Optic dise 
edema resolved into diffuse pallor. Fo- 
veal sensitivity has increased to 22 dB. 
Mean deviation has improved from 
— 24.3 dB to —18.3 dB, with marked 
improvement in the sensitivity of the 
superior visual field (Fig 3, right). 


COMMENT 


Optie nerve sheath decompression, 
with release of perineural CSF, mark- 
edly improved visual acuity in all seven 
of our patients with NAION. Five of 
the patients experienced progressive 
visual loss before surgery. Even the 
two patients with nonprogressive dis- 
ease showed profound improvement 
following ONSD. Unexpectedly, pa- 
tient 2 demonstrated improvement in 
visual acuity in the fellow eye that was 
not operated on and that had been 
affected 2 years previously by 
NAION. 

Sergott et al' reported improvement 
in 12 of 14 eyes with progressive 
NAION and in one of three patients 
with nonprogressive NAION; two pa- 
tients demonstrated improvement in 
the fellow eye that was not operated 


on. In contrast to Sergott et al, we 
utilized standardized ETDRS charts, 
lighting, and refraction techniques to 
measure visual acuity. As opposed to 
routine Snellen acuity charts, ETDRS 
charts reproducibly measure visual 
acuity in patients, especially those 
with poor central vision.“ Our experi- 
ence confirms and expands the findings 
of Sergott et al, lending further sup- 
port to the possible beneficial effect of 
ONSD on visual acuity in patients with 
NAION.' 

Six of seven patients showed expan- 
sion of visual fields on Goldmann peri- 
metry, three of whom also exhibited 
inereased foveal sensitivity on Hum- 
phrey automated perimetry; only two 
demonstrated an increase in MD great- 
er than 5 dB. Still, in the remaining 
four patients, Humphrey perimetry 
proved to be unreliable. This under- 
scores the difficulty of the use of auto- 
mated perimetry in an elderly popula- 
tion further limited by poor visual 
acuity and central fixation. 

Sergott et al' did not comment on 
other visual function measurements, 
such as color vision and changes in the 
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RAPD. In our series, color vision im- 
proved in only three patients and cor- 
related with improvement in the 
RAPD and foveal sensitivity. These 
are all known measures of optic nerve 
function. One would expect some re- 
covery of color vision and reduction 
in the RAPD in all our patients, in 
light of the visual acuity and visual 
field improvement"; however, such a 
dissociation of optic nerve function 
measurements is often seen in optic 
neuropathies, especially optic neuri- 
tis. Furthermore, present techniques 
for testing color vision and RAPD may 
fail to detect lesser degrees of im- 
provement. 

Complications associated with 
ONSD, including central retinal artery 
occlusion, tonic pupils, intraoperative 
bleeding from trauma to posterior cili- 
ary arteries, and transient diplopia, 
were not encountered in our series.” 
None of our patients developed any 
worsening of vision in the first 72 to 96 
hours postoperatively. In contrast, 
Sergott et al’ reported two thirds of 
patients ultimately improving actually 
worsened within the first 4 days after 
surgery. 

Sergott et al^ attempted to provide 
a pathophysiologic rationale for the 
success of ONSD in papilledema and 
progressive NAION. Based on Hay- 
reh’s” work establishing optic nerve 
ischemia as the cause for visual loss in 
papilledema, they hypothesized that 
ONSD may correct optic nerve isch- 
emia and thereby reverse visual loss 
due to papilledema and progressive 
NAION. In the peripheral nerve, mild 
elevations in perineural pressure im- 
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pair rapid axonal transport. The im- 
paired transport is secondary to isch- 
emia; reduction of perineural pressure 
reverses ischemia and improves axonal 
transport." By extrapolating to the 
optie nerve, Sergott et al suggested 
that progressive visual loss after an 
initial ischemic event in NAION could 
be due to interference with rapid axo- 
plasmic transport produced by CSF 
pressure within the anatomically re- 
stricted confines of the perineural optic 
nerve space. Under normal circum- 
stances, this perineural pressure may 
not interfere with optic nerve blood 
flow. However, in optic nerves affect- 
ed by a vasoocclusive process, normal 
CSF pressure might additionally com- 
promise vascular perfusion and impair 
axoplasmic transport. Drainage of the 
CSF might allow recovery of the fast 
axoplasmic transport with subsequent 
improvement in visual function.*” 

This explanation applies to nonpro- 
gressive and progressive NAION; in 
both types, reduction of perineural 
pressure could improve a reversible 
component of ischemia and blocked 
axoplasmic transport in the presence 
of irreversible ischemia.' The revers- 
ible nature of axonal dysfunction in the 
optic nerve may, in part, be explained 
by a compensatory shift from aerobic 
to anaerobic glycolysis that takes place 
in ischemic axons in the central and 
peripheral nervous systems." This 
metabolic adaptation may be responsi- 
ble for the delay of irreversible tissue 
damage." Such a mechanism may be 
operative in the protection of the isch- 
emic optic nerve until ONSD produces 
reperfusion and improves function. 
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While compelling, the theories of Ser- 
gott et al* are not yet universally 
accepted.” 

Until the more recent report of Ser- 
gott et al^ NAION was generally con- 
sidered to be an untreatable and irre- 
versible cause of visual loss. ^" Only 
one previous report describes substan- 
tial spontaneous improvement in one 
third of patients with NAION." With 
the exception of this report, two large 
studies indicate that spontaneous im- 
provement rarely occurs.” Still, we 
recently observed one patient with 
nonprogressive NAION whose visual 
acuity spontaneously improved within 
2 months from 20/400 to 20/60. Fur- 
thermore, all natural history studies in 
the literature are hampered by lack of 
standardized visual function measure- 
ments. 

The natural history of NAION re- 
mains controversial due to the absence 
of a well-designed prospective natural 
history study. The results of such a 
study are sorely needed. If the natural 
history based on historical controls is 
truly as grim as generally believed, no 
prospective clinical trial to test the 
efficacy of ONSD in NAION is needed. 
However, as mentioned above, the lit- 
erature does not uniformly embrace 
the lack of spontaneous improvement.” 
Therefore, a randomized clinical trial 
of ONSD for NAION is needed to 
assess treatment efficacy and safety of 
ONSD, while definitively describing 
the natural history of NAION. 
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Stimulation of Tear Secretion and Treatment of 
Dry-Eye Disease With 3-Isobutyl-1-methylxanthine 


Jeffrey P. Gilbard, MD; Scott R. Rossi, MS; Kathleen Gray Heyda; Darlene A. Dartt, PhD 


e We examined the effect of topically 
applied 3 - isobutyl - 1 - methylxanthine 
(IBMX), a known secretagogue, on tear 
secretion and dry-eye disease in a clini- 
cal study. We found that IBMX produced 
a dose-dependent decrease in tear film 
osmolarity that was significant at 
3.0 mmol/L (P<.0005) in patients with 
dry-eye disease. This effect was not 
blocked by prior administration of pro- 
paracaine hydrochloride (P<.05). 
Throughout a 4-week, open-label, vehi- 
cle-controlled study, IBMX decreased 
tear film osmolarity significantly, where- 
as vehicle alone did not. After 4 weeks, 
mean (+SEM) osmolarity in IBMX- 
treated eyes decreased from 325+ 
3.2 mOsm/L to 312+1.8 mOsm/L but 
remained unchanged in vehicle-treated 
eyes (323+4.4 mOsm/L vs 320+ 
4.2 mOsm/L). In our study, IBMX was 
significantly more effective than vehicle 
alone in decreasing rose bengal staining 
(P<.02). Hence, topical IBMX stimulated 
tear secretion and decreased ocular sur- 
face disease in patients with dry-eye 
disease. 

(Arch Ophthalmol. 1991;109:672-676) 


Tre mainstay of treatment for aque- 

ous tear deficiency has been the 
replacement of tear fluid with artificial 
tear solutions.’ Another approach at- 
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tempted to stimulate tear secretion by 
the systemic administration of brom- 
hexine hydrochloride, but clinical stud- 
ies have yielded mixed results, and the 
drug has not attained widespread 
use.” 

Despite conflicting evidence for 
bromhexine treatment, it is clear that 
certain biologically active peptides can 
stimulate main lacrimal gland secre- 
tion when administered intra-arterially 
in rabbits.” These peptides activate 
lacrimal gland secretory cells directly 
through a cycli adenosine monophos- 
phate (CAMP)-uependent mechanism. 
The most potent of these peptides is 
vasoactive intestinal peptide (VIP). 
We recently described a patient with 
increased tear secretion in the pres- 
ence of a VIP-secreting tumor.” The 
data imply that lacrimal gland secre- 
tion ean be stimulated by circulating 
VIP in both rabbits and humans. While 
certain biologically active peptides, in- 
cluding VIP, increase cellular levels of 
cAMP and lacrimal gland secretion 
through a membrane-receptor mecha- 
nism, other agents increase cAMP lev- 
els by other mechanisms and stimulate 
tear secretion in rabbits when applied 
topically.” Colforsin (forskolin) in- 
creases cellular cAMP by activating 
the catalytic subunit of cAMP. Perme- 
able cAMP analogues increase cellular 
cAMP by entering cells directly. Phos- 
phodiesterase inhibitors increase it by 
inhibiting the breakdown of intracellu- 
lar cAMP. One of these phosphodies- 
terase inhibitors is 3-isobutyl-1-meth- 
ylxanthine (IBMX), which inhibits 
both cAMP and cyclie guanosine mono- 
phosphate phosphodiesterase. 


Patients with keratoconjunctivitis 
sicca frequently have Schirmer' test 
results that match those of healthy 
persons." Increased tear film osmo- 
larity in these same patients," none- 
theless, suggests inadequate rates of 
tear secretion under normal circum- 
stances. Placement of  Schirmer's 
strips in these patients provides senso- 
ry stimulation, which increases lacri- 
mal gland fluid secretion rates, even 
though the lacrimal gland tissue is 
diseased. 

We have recently demonstrated, in 
rabbits with keratoconjunctivitis sicca, 
that accessory lacrimal gland tissue 
secretion can be stimulated directly by 
the topieal application of pharmacolog- 
ic agents that increase intracellular 
levels of either cAMP or cyclie guano- 
sine monophosphate. ^'^* The rabbits 
in these studies had lost function of the 
main lacrimal gland by excretory duct 
closure and the nictitans and harderian 
glands by surgical removal. Only ac- 
cessory lacrimal gland tissue remained 
functional. In these experiments, we 
compared changes in tear film osmolar- 
ity and volume after topical application 
of isotonic buffer with or without a 
pharmacologic agent. We found that 
IBMX caused a significant dose-depen- 
dent decrease in tear osmolarity and a 
significant increase in tear volume, rel- 
ative to buffer alone, which reflected 
an increase in accessory lacrimal gland 
fluid secretion. We report herein the 
effect of topical IBMX on tear secre- 
tion in patients with dry-eye disease 
and the results of a 4-week, open-label, 
vehicle-controlled study to evaluate 
the safety and efficacy of this agent. 
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PATIENTS AND METHODS 


The study patients had aqueous tear defi- 
ciency characterized by symptoms that 
were most prominent late in the day, inter- 
palpebral rose bengal staining, and elevated 
tear film osmolarity (>311 mOsm/L). In- 
formed consent was obtained from all par- 
ticipants. An investigational new drug num- 
ber was obtained from the US Food and 
Drug Administration, and approval for the 
protocol was granted by the Institutional 
Review Board of the Eye Research Insti- 
tute, Boston, Mass. The IBMX was ob- 
tained from Sigma Chemical Company (St 
Louis, Mo). 


Dose-Response Studies 


At the first study visit, tear osmolarity 
kinetic studies were performed. The eye 
with a history of higher tear osmolarity was 
selected for testing. At time 0, a tear 
sample was collected for measurement of 
tear osmolarity, as previously described." 
At 1 minute, a test drop of approximately 
50 uL was administered. At 6 and 16 min- 
utes, tear samples were again obtained for 
osmolarity measurements. The sequence 
was then repeated, after a 5-minute inter- 
mission, for the next test drop. Test drops 
were administered in the following order: 
(1) preserved isotonic buffer solution, 
(2) preserved isotonic buffer solution con- 
taining 0.3 mmol/L of IBMX, (3) preserved 
isotonie buffer solution, (4) preserved iso- 
tonie buffer solution containing 1.0 mmol/L 
of IBMX, (5) preserved isotonic buffer solu- 
tion, and (6) preserved isotonic buffer solu- 
tion containing 3.0 mmol/L of IBMX. 

At the second visit, the effect of pre- 
served isotonic buffer solution alone and 
with IBMX on tear osmolarity and tear 
volume was studied after topical anesthesia 
had been applied to the test eye. At time 0, 
a tear sample was obtained. At 1 minute, 
one drop of proparacaine was instilled. At 
6 minutes, another tear sample was ob- 
tained. At 7 minutes, a drop of approxi- 
mately 50 uL of preserved isotonic buffer 
solution was administered. At 12 and 22 
minutes, tear samples were obtained again. 
The sequence was repeated, starting with 
the administration of topical proparacaine 
at 23 minutes. Tear samples were obtained 
1 minute before and 5, 10, and 15 minutes 
after instillation of about 50 uL of isotonic 
buffer solution containing 3.0 mmol/L 
of IBMX. 

After a 15-minute intermission, propara- 
caine was instilled. One minute later, 50 uL 
of preserved isotonic buffer solution was 
administered. Fluid was collected on a 
Schirmer test strip for 5 minutes, beginning 
1 minute after test drop instillation. Fifteen 
minutes after removal of the Schirmer 
strip, the test procedure was repeated with 
the use of preserved isotonic buffer solution 
with IBMX. 


Four-Week, Open-Label, Vehicle- 
Controlled Safety/Efficacy Study 


The 3.0-mmol/L solution of IBMX was 
selected for use in this portion of the study. 
In each patient, one eye was randomly 
selected to receive this solution, and the 
contralateral eye received an identical for- 
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Fig 1.— Tear osmolarity dose-response results for topically applied isotonic buffer (open circles) 
and 3-isobutyl-1-methylxanthine (IBMX) (closed circles) in 11 eyes with dry-eye disease. Five 
minutes elapsed between each 16-minute tear sample and each subsequent time O tear 
sample. Asterisk indicates P<.005; arrow, test drop given. 


mulation without IBMX. 

At the initial visit, visual acuity was 
tested first, and then tear samples were 
obtained for osmolarity measurement. Slit- 
lamp examination was followed by Schirmer 
testing, performed in the following manner. 
At time 0, topical proparacaine was in- 
stilled; at 1 minute, a drop of isotonic buffer 
solution with or without IBMX was in- 
stilled; and between 2 and 7 minutes, the 
Schirmer strip was inserted and left in 
place between the lid and the globe at the 
outer third of the lower lid. Both eyes were 
tested simultaneously, each receiving its 
assigned drop. Finally, rose bengal staining 
was performed, and the staining pattern 
and intensity diagrammed, scored, and pho- 
tographed. Scoring was performed accord- 
ing to the method of van Bijsterveld." The 
examination was completed with applana- 
tion tonometry. 

Patients were instructed to use the study 
drops in the appropriate eye six times a 
day. This protocol was selected based on 
the short duration of effect obtained with 
topical IBMX in rabbits." Patients re- 
turned weekly for repeated examinations, 
as outlined above. Rose bengal staining, 
however, was performed only at the first 
and last (fifth) visits. At the weekly visits, 
patients returned unused portions of the 
previous week's supply and obtained fresh 
solutions. Compliance was evaluated by 
measuring the volume of solution remaining 
in each bottle. 

Patients were asked at each visit when 
they had last instilled the drops. The inter- 
val ranged from 14 to 310 minutes (mean- 
- SEM, 122+ 13.6 minutes). Tear osmolari- 
ty did not vary with regard to time after 
drop instillation. Simultaneous use of drops 
in respective eyes was confirmed. 


Tear osmolarity measurements were per- 
formed in a masked fashion. Rose bengal 
staining was diagrammed and scored with- 
out reference to earlier data. 

All data are expressed as mean + SEM. 
Statistical analysis was performed with use 
of Student's ¢ test for paired or unpaired 
data as appropriate, comparing untreated 
eyes with contralateral untreated control 
eyes, treated eyes with ipsilateral untreat- 
ed control eyes, and treated eyes with 
contralateral treated control eyes. 


RESULTS 


Eleven patients participated in the 
dose-response portion of our study. All 
patients were women ranging in age 
from 42 to 80 years (mean, 61 years). 
Baseline tear film osmolarity measure- 
ments in these eyes ranged between 
314 and 343 mOsm/L (mean+SEM, 
324 + 3.6 mOsm/L). 

The solution containing IBMX pro- 
duced a dose-dependent decrease in 
tear film osmolarity that was signifi- 
cant at the 3.0-mmol/L concentration 
(P<.005) (Fig 1) This effect was not 
blocked by the prior administration 
of proparacaine (P<.05) (Fig 2) 
Schirmers strips wet an average of 
12.27 3.2 mm after the administration 
of 3.0 mmol/L of IBMX vs 7.7+2.0 mm 
after the instillation of isotonic buffer 
alone (not significant). 

Nine of these 11 patients participat- 
ed in the 4-week, open-label, vehicle- 
controlled safety/efficacy study (two of 
the original 11 were unable to partici- 
pate because of transportation prob- 
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Fig 2.—Effect of topically applied isotonic 
buffer (open circles) and 3 - isobutyl - 1 - 
methylxanthine (IBMX) (closed circles) 
(3.0 mmol/L) on tear film osmolarity after the 
prior administration of proparacaine hydro- 
chloride in 11 eyes with dry-eye disease. As- 
terisk indicates P<.05; open arrow, adminis- 
tration of proparacaine; and small arrow, test 
drop given. 


lems). Pretreatment rose bengal stain- 
ing scores averaged 5.5+0.8 in the 
IBMX-treated eyes and 4.3+0.6 in the 
contralateral control eyes (not signifi- 
cant). Treatment with preserved iso- 
tonic buffer solution with or without 
IBMX did not result in any abnormali- 
ties that were detectable by slit-lamp 
examination. After 4 weeks of treat- 
ment, mean rose bengal staining 
scores decreased 0.6+0.7 in eyes re- 
ceiving isotonic buffer and 1.7+0.6 in 
eyes treated with IBMX. The IBMX 
was significantly more effective in de- 
creasing rose bengal staining than was 
isotonic buffer alone (P<.02). Eight of 
nine eyes receiving IBMX showed a 
decrease in the rose bengal staining 
score, whereas only four of nine eyes 
receiving buffer alone showed a de- 
crease (Table, Fig 3). 

Pretreatment tear film osmolarity 
averaged 325+3.2 mOsm/L in IBMX- 
treated eyes and 323+4.4 mOsm/L in 
contralateral buffer-treated eyes (not 
significant). After 1, 2, 3, and 4 weeks 
of treatment with the IBMX solution, 
tear film osmolarity showed a signifi- 
cant decrease relative to the pre- 
treatment measurements, averaging 
314+3.4 mOsm/L (P<.005), 313+3.0 
mOsm/L (P<.001), 311+2.0 mOsm/L 
(P<.005), and 312+1.8 mOsm/L 
(P<.02), respectively (Fig 4). After 1, 
2, 3, and 4 weeks of treatment with the 
preserved isotonic buffer solution 
alone, tear film osmolarity did not 
change significantly and averaged 
3828+5.1 mOsm/L, 321+3.3 mOsm/L, 
320+4.8 mOsm/L, and 320+4.2 
mOsm/L, respectively (Fig 4). 

Schirmer’s testing with IBMX and 
with buffer alone did not change signif- 
icantly during the 4-week treatment 
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*IBMX indicates 3-isobutyl- 1-methylxanthine. 


period. There was no significant differ- 
ence between Schirmer’s tests per- 
formed with IBMX and tests per- 
formed with buffer alone. 

Patient compliance was determined 
via measurement of the volume re- 
maining in each bottle after each week. 
Usage for the buffer alone averaged 
6.8--0.3 times a day compared with 
6.2+0.03 times a day for the drug (not 
significant) At 60% of the visits, pa- 
tients had used the drops at least six 
times a day during the preceding 
week. At the remaining 4096 of the 
visits, usage averaged 2.9 to 5.9 times 
a day for each patient. 

Pretreatment intraocular pressure 
(IOP) in the eyes that received IBMX 
averaged 14.3+0.8 mm Hg, and post- 
treatment IOP averaged 15.1+ 
0.5 mm Hg (not significant). Pretreat- 
ment and posttreatment IOP averaged 
14.6 1.2 and 15.6+0.6 mm Hg, re- 
spectively, in eyes treated with buffer 
alone (not significant). 

Subjective responses were elicited 
at each weekly visit. After 4 weeks of 
treatment, all patients reported that 
their symptoms were improved follow- 
ing treatment with both preserved iso- 
tonic buffer alone and IBMX. Three 
patients preferred IBMX; six patients 
could not differentiate the improve- 
ment they received from buffer with or 
without IBMX. Three patients noted 
transient conjunctival hyperemia im- 
mediately after instillation of the 
IBMX solution. This was not associ- 
ated with any irritation or discomfort. 


COMMENT 


Treatment of patients with dry-eye 
disease with our topical IBMX solution 
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resulted in a dose-dependent decrease 
in tear film osmolarity that reflected a 
dose-dependent increase in tear secre- 
tion. The results are analogous to 
those we attained in our rabbit model 
for keratoconjunctivitis sicca.” How do 
we know that we pharmacologically 
stimulated accessory lacrimal gland se- 
cretion with topically applied IBMX in 
these patients with dry-eye disease? 
We have previously shown that the 
effects of agents that stimulate acces- 
sory lacrimal gland secretion by irri- 
tating the ocular surface were blocked 
by the prior instillation of propara- 
caine,” but the effect we observed with 
IBMX in this study was not blocked by 
proparacaine. Furthermore, patients 
did not experience irritation associated 
with instillation of IBMX. Second, we 
have found (unpublished data, J.P.G., 
S.R.R., and D.A.D., 1987) that a se- 
cretagogue (VIP) that stimulates 
(1) main lacrimal gland secretion when 
administered _intra-arterially and 
(2) accessory lacrimal gland secretion 
when applied topically does not stimu- 
late main lacrimal gland secretion 
when applied topically. Topically ap- 
plied agents such as VIP evidently do 
not reach the main lacrimal gland. We 
can also eliminate a change in the 
conjunctival vascular permeability as a 
possibility because the conjunctival 
vessels are fenestrated and “leaky,” 
and cyclic nucleotides do not affect 
blood vessel permeability. We cannot 
eliminate the possibility that a change 
in the rate of corneal or conjunctival 
fluid transport may contribute to the 
results observed, but such a contribu- 
tion is probably minimal. 

In our 4-week study, IBMX was 
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Fig 4.— Effect of topically applied isotonic 
buffer (open circles) and 3 - isobutyl - 1 - 
methylxanthine (IBMX) (closed circles) 
(3.0 mmol/L) on tear film osmolarity during 
4 weeks of treatment of nine patients with dry- 
eye disease. 


found to be safe. Three patients de- 
scribed a transient conjunctival hyper- 
emia after instillation of IBMX. It is 
well known that methylxanthines relax 
the smooth muscle of blood vessels," 
and we attribute the symptom to a 
transient dilation of conjunctival blood 
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vessels due to this smooth-muscle 
relaxation. 

A 4-week treatment with topical 
IBMX effectively decreased ocular 
surface disease, as indicated by rose 
bengal staining. This study was rela- 
tively short, and we would expect fur- 
ther improvement in ocular surface 
disease with longer treatment. Al- 
though we do not know the precise 
relationship between increased rose 
bengal staining and decreased goblet 
cell density, it seems reasonable to 
suspect that they may be associated; it 
is known that restoration of goblet cell 
density requires, at the very least, a 
few weeks. Specifically, Geggel and 
coworkers” reported that small, local- 
ized conjunctival wounds in normal 
rabbit eyes resulted in widespread loss 
of conjunctival goblet cells and that 3 
weeks were needed to heal the con- 
junctival epithelium and to restore 
conjunctival goblet cell density. We 
obtained similar results in rabbit ex- 
periments in which localized burns 
were applied to the conjunctiva, which 
took as long as 8 weeks to heal.” In 
dry-eye disorders, the conjunctival 
disease is widespread; therefore, even 
with normalization of the tear film, one 





would expect that conjunctival healing 
would take longer than 3 weeks. 

The IBMX was also effective in de- 
creasing tear film osmolarity relative 
to pretreatment levels. Tear samples 
obtained during the 4-week study were 
obtained at an unspecified time after 
drop instillation (drops were instilled 
essentially every 3 hours); it thus ap- 
pears that with repeated instillation, 
IBMX affects tear film osmolarity for 
more than the 15 minutes documented 
in our dose-response studies. 

Buffers with and without 3.0 
mmol/L of IBMX have a different ef- 
fect on tear osmolarity in the dry eye 
depending on whether proparacaine 
was instilled previously. After propar- 
acaine and then the buffer were in- 
stilled, tear film osmolarity increased. 
As the effect of proparacaine dimin- 
ished with time, osmolarity subse- 
quently decreased. Without pro- 
paracaine, osmolarity after buffer 
instillation consistently decreased. Af- 
ter proparacaine and then IBMX instil- 
lation, the duration of effect of IBMX 
on osmolarity was shorter compared 
with experiments in which propara- 
caine was not used. Jordan and Baum” 
reported that topical proparacaine de- 
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creased tear secretion because intact 
corneal sensation partially drives tear 
secretion. When corneal sensation de- 
clines, the tear secretory rate declines 
as well. We have previously shown 
that this decrease in tear secretion 
seen following proparacaine adminis- 
tration is sufficient to increase tear 
film osmolarity in normal rabbit and 
human eyes." In the current study, 
we attribute the higher osmolarities 
seen after instillation of proparacaine 
followed by a test drop to interference 
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of proparacaine with tear secretion and 
osmolarity. 

All patients reported an improve- 
ment in symptoms after treatment 
with either the control solution or the 
IBMX solution. Three patients pre- 
ferred the preserved IBMX solution; 
no patient preferred the preserved 
buffer solution. The subjective re- 
sponses in this study must be inter- 
preted with caution given the short 
duration of the study and its open-label 
design. 
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The above data suggest that we can 
proceed safely with a closed-label 
study of longer duration to further 
evaluate topical IBMX as a therapy for 
dry-eye disease. 
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Central Serous Chorioretinopathy and 
White Subretinal Exudation During Pregnancy 


J. Donald M. Gass, MD 


e Six otherwise healthy pregnant 
women had development of idiopathic 
central serous chorioretinopathy in one 
or both eyes. All had one or more focal 
areas of white subretinal exudate, which 
probably was fibrinous in type. In some 
patients, this was misinterpreted as sub- 
retinal neovascularization or retinitis. 
Symptoms developed in most patients in 
the third trimester and following delivery, 
there was spontaneous resolution of reti- 
nal detachment and return of visual acu- 
ity to 20/20 or better. In a randomly 
selected group of 50 patients with idio- 
pathic central serous retinopathy unas- 
sociated with pregnancy, subretinal 
white exudation occurred in only six 
(17%) of 42 men and in zero (0%) of eight 
women. The cause for the higher preva- 
lence of this exudate in pregnant women 
is unknown. 

(Arch Ophthalmol. 1991;109:677-681) 


[ diopathie central serous chorioreti- 

nopathy (ICSC) typically occurs in 
healthy young or middle-aged male 
subjects in one and occasionally both 
eyes. In a few patients, particularly 
those with a large area of serous reti- 
nal detachment, a focal deposit of 
white or gray-white subretinal exu- 
date may be present in an area where 
fluorescein angiography usually dem- 
onstrates evidence of diffusion of dye 
from the choroid into the subretinal 
space.” This exudate may be misinter- 
preted biomicroscopically as focal reti- 
nitis, retinal ischemia, or evidence of 
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subretinal neovascularization. There 
is histopathologic evidence that this 
exudate is fibrin.” 

Idiopathic central serous choriore- 
tinopathy is a recognized complication 
of pregnancy (unpublished data, pre- 
sented at the Jules Gonin Retinal Soci- 
ety, Bruges, Belgium, September 7, 
1988). The purposes of this report are 
to (1) summarize the findings in six 
women who during the course of an 
otherwise uncomplicated pregnancy 
had development of ICSC in one or 
both eyes, and (2) emphasize the high 
frequency of white, presumably fibri- 
nous, subretinal exudation in these pa- 
tients, the importance of correct inter- 
pretation of this exudation to avoid 
unnecessary laboratory investigations, 
and the benign course of this disorder 
that resolves spontaneously, usually 
following delivery with recovery of 
normal or near normal visual function. 


PATIENTS, MATERIALS, AND METHODS 


The six subjects of this report represent 
my total experience with ICSC in pregnan- 
cy. They include three patients examined 
by me and clinical and photographic records 
of three others contributed by Lawrence 
Reese, MD, Lawrence Singerman, MD, and 
Howard Schatz, MD. All patients under- 
went complete ocular examinations and fun- 
dus photography. All were receiving ob- 
stetrical care and none had toxemia or other 
systemic disease. Reports of the eight pre- 
viously reported cases of ICSC in patients 
with otherwise uncomplicated pregnancies 
were reviewed for evidence of subretinal 
white exudation. 

To ascertain the frequency of white 
subretinal exudation in nonpregnant pa- 
tients with ICSC, I reviewed the photo- 
graphic records of 50 randomly selected 
patients with this disorder who presented 
at the Bascom Palmer Eye Institute, Mi- 
ami, Fla, because of recent visual loss 


caused by serous detachment of the retina 
confined to the macular area. 


RESULTS 


Table 1 summarizes the findings in 
the six subjects of this report. Table 2 
summarizes the findings in the eight 
patients whose cases have been re- 
ported previously. 

The age of the 14 patients ranged 
from 22 to 36 years (mean age, 31 
years; median, 32 years). Eight of the 
10 patients whose racial characteristics 
were stated were nonwhite. Six were 
primiparous. One multipara had ICSC 
during three previous pregmancies.' 
One other multipara had evidence of 
previous ICSC.’ The onset of visual 
symptoms occurred during the third 
trimester in most patients. It occurred 
during the first trimester in only two 
patients. There was no predilection for 
either eye. Only one patient had both 
eyes affected. All six subjects of this, 
report and at least three of four pa- 
tients whose cases had been reported 
previously" had biomicroscopic evi- 
dence of white subretinal exudate 
(Figs 1 and 2). The mean age of these 
nine patients was 31 years. One or 
more serous detachments of the pig- 
ment epithelium were recognized be- 
neath the neurosensory retinal detach- 
ment in approximately half the 
patients. Fluorescein angiography was 
done during pregnancy in patient 4 and 
in one of the patients whose case has 
been reported previously.' It revealed 
evidence of focal serous detachments 
of the pigment epithelium and staining 
in the area of the white subretinal 
exudate (Fig 3). Reattachment of the 
retina occurred spontaneously soon af- 
ter delivery in 13 patients and in one 
patient after argon laser treatment. 
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Table 1.—Summary of Findings in Six Patients With Idiopathi 


Obstetrical History Time of Onset of Evidence c 
Patient No. / ~ Visual Symptoms Affected Eye, Fundus Subretinal 
Age, y/Race Gravida Para Abortus (Gestation, mo) Symptoms Visual Acuity Findings Fibrin 
1/29/Hispanic 1 (0) 0) 9 Metamorphopsia, R, 20/25 Retinal detachment Yes 
micropsia 
2/27 / Hispanic 3 2 0 6 None, blurring R, 20/20; RPE disturbance, No, 
L, 20/30 retinal detachment; yes 
multiple RPE 
detachments 
3/33/Black 2 1 0 7.5 Blurring, L, 20/20 Retinal and RPE Yes 
micropsia detachment 
4/22/White 1 0 [e R, 20/30 Retinal detachment Yes 
5/36/Native American 3 2 0 7 L, 20/40; at Retinal and RPE Yes 
8 mo,20/200 detachment 
6/28/Black 1 0 0 7 Blurring R, 20/20 Retinal detachment Yes 


* RPE indicates retinal pigment epithelium. 


Table 2.—Summary of Findings in Eight Previously Reported Cases of Patient: 


Obstetrical History Time of Onset of 


Visual Symptoms Evidenc 
— Ta. 3 
Age, y/ During Gestation, Affected Eye, Subret 
Source Race Gravida Para Abortua mo Symptoms Visual Acuity Fundus Findings Fibri 
Chumbley and 34t / white 9 8 1 8 Blurring, L, 20/40 Retinal and RPE Yes 
Frank* micropsia detachment 
Bedrossian*t 32/NS NS NS NS 5 NS NS ‘Macular edema" NS 
Cruysberg and 34/NS 2 1 0 ?7 Blurring and L, 20/20 Retinal detachment NS 
Deutman* scotoma 
27 /NS 1 0 0 5 Scotoma R, 20/100 Retinal detachment NS 
32/NS 1 0 0 8 Blurring and R, 20/ 100 Retinal detachment NS 
scotoma 
Fastenberg and 31 /Hispanic 2 1 0 5 Metamorphopsia L, 20/15 Retinal and RPE No 
Ober’ and scotoma detachment 
32 / Oriental 1 0 0 3 Metamorphopsia L, 20/30 Retinal and RPE Yes 
detachment 
35 / Oriental 2 1 0 2 Metamorphopsia L, 20/30 Retinal detachment Yes 


* NS indicates not stated; RPE, retinal pigment epithelium. 
tMacular detachment during each of last three previous pregnancies. 
Probable macular detachment during first pregnancy. 


One patient showed evidence of partial 
resolution of the retinal detachment 
prior to delivery (Fig 2). Most patients 
were asymptomatic at the time of last 
follow-up. Some had persistent mild 
mieropsia, | metamorphopsia, and 
dyschromatopsia. Visual acuity re- 
turned to 20/20 or better in all pa- 
tients. At last examination, mild 
changes in the pigment epithelium 
were evident in some eyes near the 
sites where the white exudate was 
previously present. In one patient 
there was a strand of subretinal fi- 
brous tissue (Fig 4). 

The mean age of the 50 randomly 
selected patients (eight women and 42 
men) with ICSC unassociated with 
pregnancy was 41 years (range, 27 to 
59 years). The mean age of the women 
was 44 years. Sixteen patients were 
nonwhite (14 Hispanics, one black, and 
one Oriental) Only six patients (12%), 
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all male (four Hispanies and two whites 
with a mean age of 42 years) had 
biomicroscopic evidence of white sub- 
retinal exudate equal to or greater 
than the least amount seen in the 
pregnant patient (patient 6). In all 
patients, this was located at the site of 
fluorescein leakage. 

The present studies indicate that the 
prevalence of white subretinal exudate 
accompanying ICSC is probably great- 
er in pregnant women (six of six pa- 
tients) than in either nonpregnant 
women (none of eight patients; 
P=.001, x” test), and/or men (six of 42 
patients; P=.001, x^ test). 


COMMENT 


These six patients and the eight 
patients whose cases were previously 
reported had development of the typi- 
cal symptoms and biomicroscopic find- 


ings of ICSC during otherwise uncom- 
plieated pregnancies. The only unusual 
finding in these patients was the pres- 
ence of white subretinal exudate in all 
six of the newly reported cases and in 
at least three of four of the previously 
reported cases for an incidence of ap- 
proximately 90%. My experience, as 
well as the retrospective study of 50 
patients with ICSC, suggests that 
white subretinal exudation occurs in 
20% or less of nonpregnant patients 
with ICSC. When this exudation oc- 
curs, the following are noted: (1) it 
often is present around and partly 
covers a focal area of detachment of 
the retinal pigment epithelium (RPE); 
(2) it is usually associated with more 
than average subretinal fluid; (3) angi- 
ography usually shows streaming of 
dye through a defect or hole in the 
RPE at the edge of the RPE detach- 
ment into the subretinal fluid; and 
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Central Serous Choroidopathy Occurring During Pregnancy" 


Final Examination 


———————————————————— —O— OOo ll 


Fluorescein Time After 
Angiography Delivery, mo Visual Acuity Status of Macula 
None 2 R, 20/20 Normal 
None 6 R, 20/20; Normal, small area 
L, 20/20 paracentral subretinal 
fibrous metaplasia 
None 6 L, 20/20 Retina flat, mottling 
RPE 
Yes 8 R, 20/15 Focal pigment clump 
None 21 L, 20/20 Retina flat 
None 1 R, 20/20 Normal 


With Idiopathic Central Serous Choroidopathy Occurring During Pregnancy * 


Fluorescein Time After 
Angiography Treatment Delivery 
Yes Argon 1 mo 
laser 6 mo 
No No 2 mo 
No No 2 wk 
No No 3 mo 
No No 2 mo 
No No 1 wk 
No No 6 mo 
No No 3 mo 


(4) after resolution of the subretinal 
fluid, in some cases fibrous strands 
« may be left beneath the retina in the 
area of fibrinous exudation." These 
findings are particularly prominent in 
those patients in whom bullous retinal 
detachment overlying multiple large 
RPE detachments in one or both eyes 
develops. Although most patients 
with this severe form of ICSC have no 
evidence of systemic disease, I have 
observed it in two women receiving 
hemodialysis because of renal failure,” 
as well as in a woman with renal 
insufficiency caused by lupus 
erythematosus. 

In 1967, it was my occasional obser- 
vation of subretinal precipitates and 
whitish exudate in patients with ICSC, 
together with their fluorescein angio- 
graphic findings, that suggested that 
one or more focal choriocapillary per- 
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Focal RPE defect 


Fluorescein 

Angiography Symptoms 
None None 
None, none None, micropsia 
None Micropsia 
Mild RPE defect None 


Slight metamorphopsia 
and dyschromatopsia 


None None 


Final Examination 


————————————————————————————————————————O000.IÉPm 


Visual Acuity Status of Macula 
L, 20/30 Retina flat 
L, 20/15 Retina flat 
VETT ES Normal 
NS Normal 
R, 20/20 Retina flat, slight 
granularity 
R, 20/20 Retina flat 
L, 20/20 Retina flat 
L, 20/20 Retina flat 
L, 20/20 Retina flat, few 


retinal precipitates 
and RPE changes 


meability alterations sufficient to per- 
mit protein diffusion into the subre- 
tinal space was the cause of serous 
detachment of the pigment epithelium 
and retina in this disorder. Further 
support for this concept occurred when 
at the 1980 Verhoeff Ophthalmologic 
Society meeting, Gilbert de Venecia, 
MD, reported the clinical and histo- 
pathologic findings in a patient with 
severe ICSC that developed soon after 
renal transplantation. He demon- 
strated histopathologically and histo- 
chemically that the white subretinal 
exudate ophthalmoscopically observed 
surrounding the RPE detachments, as 
well as that beneath the RPE, was 
fibrin. While he found no light micro- 
scopic alteration of the choriocapillaris, 
the fibrinous exudate attests to the 
presence of a focal marked increase in 
the permeability of the choriocapillaris 


Fluorescein 
Angiography Symptoms 
No None 
Yes, RPE changes NS 
No None 
No None 
No Metamorphopsia 
Yes, RPE changes None 
Yes, RPE changes None 
No None 


that is sufficient to allow large mole- 
cules the size of fibrinogen to escape 
into the subpigment epithelial and su- 
bretinal spaces. 

It is difficult to offer an alternative 
explanation for the nature of this white 
subretinal exudate. It is unlikely that 
it is a focal accumulation of polymor- 
phonuclear leukocytes or other white 
cells. We have other clinicopathologic 
evidence in the eye that movement of 
fibrinogen across a damaged endotheli- 
al wall produces a visible white lesion 
in the case of white-centered hemor- 
rhages in severely anemic patients.” 
The development of fibrous strands in 
the subretinal space in the area of 
white exudation as occurred in patient 
4 (Fig 4), and as reported in other 
patients with severe ICSC,” is further 
evidence suggesting the fibrinous na- 
ture of the exudate. Fibrin is a stimu- 
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Fig 1.—Arrows indicate white subretinal exudate; arrowheads, a focal serous detachment of the 
pigment epithelium. Top left, Patient 1; top right, patient 2; center left, patient 3; center right, 
patient 4; bottom left, patient 5; and bottom right, patient 6. 


lus to the ingrowth of fibroblastic as 
well as angioblastic cells. In the case of 
ICSC, the former have greater access 
than the latter to the subretinal space. 

The cause of the permeability alter- 
ation in nonpregnant patients with 
ICSC and the reasons for the apparent 
higher incidence of white subretinal 
exudation when it accompanies preg- 
nancy are unknown. That ICSC occurs 
typically in otherwise healthy young or 
middle-aged adults often during peri- 
ods of stress has suggested that it may 
result from little more than physiologic 
decompensation at one or several sites 
of minor congenital structural defects 
in the choriocapillaris and Bruch’s 
membrane during vasomotor stress. 
Observations that have implicated the 
possible role of hyperactivity of the 
adrenomedullary system in its patho- 
genesis include the following: the dem- 
onstration of a higher than normal 
incidence of a type A behavior pattern 
(competitive drive, sense of urgency, 
and aggressive and hostile tempera- 
ment in patients with ICSC)," and the 
experimental production of ICSC in 
monkeys by intravenous injection of 
epinephrine." Elevation of serum 
catecholamine levels is but one of many 
physiologic, metabolic, and vascular al- 
terations occurring during pregnancy 
that may be of importance in predis- 
posing pregnant women to ICSC. Oth- 
ers include increased cardiac output 
and blood volume, hypo-osmolarity of 
the blood serum, increased levels of 
clotting factors and fibrinolytic activi- 


Fig 2.—The course of retinal detachment in the right eye of patient 5. Left, Seventh month of pregnancy. Right, Ninth month 
of pregnancy. Compare with Fig 1, bottom left (eighth month of pregnancy). Note increase in size of retinal detachment and 
appearance of retinal pigment epithelial detachment (arrowhead) in area of white subretinal exudation between seventh 


and eighth month, and partial resolution of subretinal fluid by the ninth month 
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Fig 3.—Late angiogram in patient 4 showing marked staining at sites 
of white subretinal exudation (compare with Fig 1, middle right). One 
month after delivery, the subretinal exudate was gone and repeated 
angiography showed no evidence of staining. 


ty, and increased production of cortico- 
steroids, estrogen, thyroxine, and oth- 
er hormones. Increased levels of 
prostacyclin occurring during the sec- 
ond and third trimester may be an 
important factor in predisposing these 
patients to development of ICSC and 
subretinal fibrin. ™" This prostaglandin 
is a potent vasodilator and inhibitor of 
platelet aggregation. 

The finding in this report that white 
subretinal exudate accompanying 
ICSC occurred in nonwhites in seven 
of nine pregnant women and in four of 
six patients, all male, in the nonpreg- 
nant group suggests that racial charac- 
teristics may be important in the 
pathogenesis of white subretinal exu- 
dation in both groups. Sex and age, 
except as they relate to the pregnant 
state, do not appear to be important 
factors. 

It is unlikely that the pathogenesis 
of retinal detachment in pregnant 
women with ICSC is the same as that 
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associated with severe toxemia. In the 
latter patients multicentric areas of 
retinal detachment typically develop 
that become confluent to form a bul- 
lous retinal detachment. This may be 
associated with multiple ill-defined 
placoid areas of ischemic whitening of 
the pigment epithelium, but not with 
serous detachments of the pigment 
epithelium. ^" These changes are ac- 
companied by angiographic evidence of 
multifocal areas of choriocapillaris ob- 
struction and pigment epithelial necro- 
sis similar to that in other nonpregnant 
patients with retinal detachment 
caused by malignant hypertension.” 
Awareness of the frequency of sub- 
retinal white exudate accompanying 
ICSC in pregnancy is important to 
avoid misdiagnoses, unnecessary diag- 
nostic tests, and incorrect treatment. 
Fluorescein angiography to exclude 
the presence of occult subretinal neo- 
vascularization is generally unneces- 
sary, especially in the absence of other 
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Fig 4.—Residual strand of subretinal fibrous tissue (arrow) after reso- 
lution of macular detachment in patient 2 (compare with Fig 1, top 
right). 


findings to suggest its presence, eg, 
subretinal blood, lipid exudation, pig- 
ment ring, or other ocular changes that 
might predispose the eye to choroidal 
neovascularization, eg, chorioretinal 
scars, angioid streaks, and myopic de- 
generation. Confinement of the white 
lesion to the outer retinal layers and 
absence of overlying vitreous cells are 
biomicroscopic clues that it is probably 
not caused either by acute retinitis or 
retinal arteriolar occlusion. While the 
diagnosis of ICSC in pregnant women 
is usually straightforward, they should 
be followed up closely by their ophthal- 
mologist and obstetrician with the ex- 
pectation that the visual acuity and the 
appearance of the fundus will return to 
normal or near normal. 
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Vogt-Koyanagi-Harada Syndrome 


Clinical Course, Therapy, and Long-term Visual Outcome 


Patrick E. Rubsamen, MD, J. Donald M. Gass, MD 


e We reviewed data from 26 patients 
with Vogt-Koyanagi-Harada syndrome 
who presented at the Bascom Palmer 
Eye Institute between March 1969 and 
February 1990. Visual outcomes were 
good, with final visual acuity of better 
than 20/30 in 29 (6696) of 44 eyes and of 
worse than 20/400 in only three (796) of 
44 eyes. A poor prognosis was associ- 
ated with the development of choroidal 
neovascular membranes or chronic uve- 
itis. All patients were treated with sys- 
temic corticosteroids. Corticosteroid 
therapy averaged 6 months, but was pro- 
longed (48 months) in patients who de- 
veloped chronic uveitis. Disease re- 
curred in nine (43%) of 21patients in the 
first 3 months, usually in association 
with a rapid tapering of steroid dosage. 
We recommend the early, aggressive use 
of systemic corticosteroids in patients 
with Vogt-Koyanagi-Harada syndrome 
and a gradual tapering of drug dosage 
for 6 months after presentation. 

(Arch Ophthalmol. 1991;109:682-687) 


V ogt-Koyanagi-Harada (VKH) syn- 

drome is a bilateral panuveitis as- 
sociated with exudative retinal detach- 
ments and typical fluorescein 
angiographic findings. Originally de- 
scribed as separate entities, Harada’s 
disease and Vogt-Koyanagi syndrome 
are now considered parts of a disease 
spectrum incorporated under the name 
Vogt-Koyanagi-Harada syndrome. Al- 
though earlier reports” indicate that 
the prognosis of patients with VKH 
syndrome is guarded, the prognosis 
has probably improved with the use of 
early, high-dose, corticosteroid thera- 
py. We describe the clinical course, 
long-term visual outcome, and results 
of therapy of patients presenting at the 
Bascom Palmer Eye Institute, Miami, 
Fla, with VKH syndrome. 
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PATIENTS AND METHODS 


We retrospectively reviewed the patient 
records, photographic files, and fluorescein 
angiograms of 26 patients with Harada's 
disease or VKH syndrome presenting at the 
Bascom Palmer Eye Institute between 
March 1969 and February 1990. The aver- 
age follow-up in our series was 53 months 
(range, 6 months to 18 years). The diagnos- 
tic criteria included the presence of uveitis 
in association with an exudative retinal 
detachment and typical fluorescein angio- 
graphic findings. Exclusion criteria includ- 
ed prior penetrating ocular trauma, un- 
availability for follow-up (two cases), 
insufficient information for diagnosis (two 
cases), or presence of another primary sys- 
temic or ocular disease responsible for the 
secondary retinal detachment (no cases). 
One patient presented after resolution of a 
bilateral retinal detachment, and some clini- 
cal information was missing from the early 
records of one patient. This is reflected in 
the calculation of some percentages in the 
series. All patients in our series were treat- 
ed with systemic corticosteroids and/or sys- 
temic immunosuppressants. 


RESULTS 
Demographics 


The average age at presentation was 
35 years (range, 13 to 73 years), with 
most ages clustered near the mean. Of 
the 22 eligible patients, 17 (77%) were 
female, and five (23%) were male. 
Twelve (54%) were Hispanic, five 
(23%) were black, three (14%) were 
white, and two (9%) were Oriental. All 
patients were darkly pigmented and/or 
had brunette fundi, which is consistent 
with previous reports that VKH syn- 
drome occurs almost exclusively in 
darkly pigmented individuals. '? 


Presenting Features 


The chief presenting complaint of all 
patients was loss of vision in one or 
both eyes. Associated prodromal 
symptoms occurred in 13 (62%) of 21 
patients and included headaches (13 
cases; 62%), ocular pain (eight cases; 
38%), tinnitus (four cases; 19%), low- 
grade fevers (three cases; 14%), and 
nuchal rigidity (two cases; 10%). These 
symptoms usually began within 1 week 
of the visual acuity loss. Three patients 


who had prior histories of ocular in- 
flammation also had vitiligo and/or po- 
liosis at presentation. All patients ulti- 
mately developed bilateral disease. 
Simultaneous onset in both eyes, mani- 
fested as uveitis and/or retinal detach- 
ment, developed in 19 patients (90%). 

Visual acuity at presentation ranged 
from 20/20 to counting fingers. Visual 
acuity at presentation is shown in Fig 
1, which divides visual acuity into four 
categories for comparison and shows a 
relatively even distribution of present- 
ing visual acuities, with 14 (32%) of 44 
eyes having visual acuity of worse than 
20/400. 

Presenting ocular findings on slit- 
lamp and ophthalmoscopic examination 
are shown in Table 1. At presentation, 
18 (82%) of the 22 patients had anterior 
uveitis manifested as aqueous cellular 
reaction and flare. All but one of the 
remaining patients later developed an 
anterior chamber reaction. At presen- 
tation, eight patients (38%) had kera- 
tic precipitates, all had vitreous cells, 
and nine (43%) had hyperemia and 
swelling of the disc. Exudative retinal 
detachments were often multifocal and 
varied from localized detachments lim- 
ited to the posterior pole (Color Fig 1) 
to extensive, near-total detachments. 
Exudative retinal detachments were 
found at presentation or later devel- 
oped in 21 (95%) of 22 patients. One 
patient presented after resolution of a 
bilateral retinal detachment. The de- 
tachments were bilateral at presenta- 
tion in 17 (81%) of 21 patients, and of 
the four remaining patients, two had 
the onset of retinal detachment in the 
second eye within 2 weeks of presenta- 
tion. Some patients had small choriore- 
tinal folds in the posterior pole before 
development of clinically evident reti- 
nal detachment. The longest interval 
between the onset of detachment in 
the first eye and in the second eye was 
1 year. 

Diagnostic evaluations included lum- 
bar puncture, ultrasound examination, 
and fluorescein angiography. Lumbar 
paracentesis was performed in four 
patients. Cerebrospinal fluid examina- 
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Fig 1.—Presenting visual acuity vs percentage of eyes in each visual category. 


tion revealed pleocytosis, predomi- 
nantly lymphocytes, in three patients 
and increased levels of protein in two." 
None of the four patients had normal 
cerebrospinal fluid. ^ Echography, 
which was used in 10 patients (4596), 
showed a mild to moderate, diffuse, 
low-reflective, choroidal thickening 
and overlying exudative retinal de- 
tachment (Fig 2). Fluorescein angiog- 
raphy was performed in all cases. Mul- 
tiple pinpoint hyperfluorescent leaks 
at the level of the retinal pigment 
epithelium (Color Fig 2), staining of 
the disc, and late accumulation of fluo- 
rescein in the subretinal exudate were 
found in our patients. One patient also 
showed evidence of a large serous de- 
tachment of the pigment epithelium. 
Another patient who presented after 
resolution of the retinal detachments 
had window defects on fluorescein an- 
giographie examination that were con- 
sistent with pigment alterations noted 
on funduscopie examination. 


Treatment 


All patients were treated with sys- 
temic corticosteroids, resulting in rap- 
id decrease in inflammation and resolu- 
tion of the associated exudative retinal 
detachments. A marked response was 
usually seen within several days of the 
onset of therapy. The average initial 
dose of corticosteroids was 80 to 
100 mg of oral prednisone per day. 
Patients with anterior segment inflam- 
mation also were treated with topical 
corticosteroids and cycloplegic agents. 
Therapy with systemic corticosteroids 
was often prolonged, with patients 
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generally requiring several months of 
systemic therapy with oral prednisone. 
Corticosteroid therapy for the first 
episode of ocular disease averaged 6 
months (range, 2 months to 4 years). 
Patients often required several 
courses of treatment with systemic 
steroids. Cumulative steroid therapy 
averaged 2 years (range, 4 months to 
14 years). The longer duration of corti- 
costeroid therapy in some patients 
generally reflected the development of 
chronic anterior segment inflamma- 
tion, which necessitated long-term sys- 
temie therapy to maintain quiescence. 
Patients who developed chronic anteri- 
or segment inflammation were treated 
for an average of 48 months compared 
with 6 months for patients whose dis- 
ease remained primarily posterior. 
Two patients whose inflammations 
were refractory to administration of 
systemic corticosteroids responded to 
systemic immunosuppressant therapy 
(cyclosporin A) with good visual re- 
sults (visual acuity, 20/25 and 20/50). 
Disease recurred within 6 months in 
11 patients (5296) and within 3 months 
in nine patients (48%). The average 
number of recurrences per patient was 
1.6. Early in the disease course, recur- 
rences were manifested by rapid de- 
crease in visual acuity, increased in- 
flammation, and recurrent retinal 
detachment. Patients seldom devel- 
oped recurrent retinal detachments af- 
ter 3 months. Two patients, however, 
developed delayed, recurrent, retinal 
detachments 10 months and 2 years 
after presentation. Late disease recur- 
rence manifested as increased anterior 


Table 1.— Ocular Findings on 
Presentation 


No. (96) 
of Patients * 












Finding 












Vitreous cells 22 (100) 
Exudative retinal 
detachmentt 21 (95) 
Simultaneous 17 (81) 
Delay in second eye 
(91% within 2 wk) 4 (19) 
Anterior uveitis 
At presentation 18 (82) 
Delayed 3 (14) 
Keratic precipitates 8 (38) 
Optic disc swelling 9 (43) 


Iris nodules 1 (5) 





* Owing to unavailability of data from one patient, 
some percentages were derived using n — 22, and 
others using n — 21. 

tOne patient presented after resolution of a bilat- 
eral retinal detachment. 


segment inflammation. A subset of pa- 
tients developed multiple recurrences 
(more than three) or chronic anterior- 
segment inflammatory reaction. Every 
instance of recurrence within 6 months 
of presentation was associated with 
rapid and often early decreases in ste- 
roid dose. Reinstitution of higher 
doses of corticosteroids generally 
stemmed recurrences. | 
Long-term ocular findings are pre- 
sented in Table 2. As ocular inflamma- 
tion and retinal detachments resolve in 
VKH syndrome, the fundus character- 
istieally undergoes depigmentation. 
Pigmentary fundie atrophy usually 
was evident by 6 weeks after presenta- 
tion and ultimately developed to some 
extent in all patients. Some patients 
developed a generalized pigment loss 
resulting in a blonde or “sunset glow" 
fundus^ (Color Fig 3), and a smaller 
number of patients developed marked 
pigment disruption and retinal atrophy 
leading to vision loss (Color Fig 4). In 
some patients, after resolution of mas- 
sive choroidal infiltration, prominent, 
curvilinear, pigmented, demarcation 
lines radiated out from the optic disce.* 
Chronic anterior uveitis developed in 
18 (48%) of 42 eyes, and elevated 
intraocular pressure developed in 20 
(45%) of 44 eyes. All episodes of ele- 
vated intraocular pressure were con- 
trolled medically, and no patient re- 
quired surgery for treatment of 
glaucoma. Dalen-Fuchs-like nodules”’ 
were found in 18 (41%) of 44 eyes, and 
iris nodules developed in 12 (29%) of 42 
eyes. Paralimbal vitiligo (Sugiura’s 
sign), commonly associated with VKH 
syndrome," was not described in any 
patient records. One eye of one patient 
developed vision loss secondary to op- 
tic neuropathy. Another patient devel- 
oped bilateral optic disc neovasculari- 
zation during an exacerbation of 
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inflammation that regressed after res- 
olution of the uveitis. Although the 
cutaneous manifestations of VKH syn- 
drome were few at presentation, sev- 
eral patients in this series developed 
these changes during follow-up. Of the 
21 patients from whom data were 
available, five (24%) developed vitili- 
go, four (19%) developed poliosis, and 
two (24%) developed alopecia. Dysa- 
cousis was noted during follow-up in 
five (24%) patients, although audiome- 
tric evaluation, which has revealed a 
higher incidence of hearing loss in pa- 
tients with VKH syndrome,’ was not 
performed. No patient developed sig- 
nificant neurologic sequelae, although 
this has been reported in other pa- 
tients with VKH syndrome." 
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Fig 2.— Top, B-scan view through temporal posterior fundus shows bullous retinal detachment 
(R) and diffuse choroidal thickening (arrow). Bottom, Standardized A-scan (at Tissue Sensitivity 
setting) from small area where retina is still attached shows low-reflective choroidal thickening 
(arrow). 


The percentages of eyes with vari- 
ous final visual acuities are shown in 
Fig 3. The patients again were 
grouped into four categories of visual 
acuity. Visual acuity of better than or 
equal to 20/30 was maintained in 29 
eyes (66%), while only three eyes (7%) 
developed severe vision loss, ie, visual 
acuity of worse than 20/400 at last 
examination. 

Visual acuity loss was caused by 
several different complications of in- 
traocular inflammation. Fifteen eyes 
(54%) had visual acuities of worse than 
20/50. Of these, 10 (67%) had cataracts; 
10 (67%), generalized pigment epitheli- 
al and retinal atrophy; three (20%), 
choroidal neovascular membrane for- 
mation; and one (7%), optic neuro- 


Table 2.—Long-term Ocular Findings 


No. (%) 
of Eyes 
44 (100) 





Finding 










Fundus pigmentary atrophy 










Chronic anterior uveitis 18 (43) 
Elevated intraocular pressure 20 (45) 
Cataract 16 (36) 
Dalen-Fuchs nodules 18 (44) 
Iris nodules 12 (29) 
Choroidal neovascular 

membrane 4 (9) 






Optic neuropathy 1 (2) 





pathy. A poor prognosis was associ- 
ated with the development of chronic 
anterior uveitis or choroidal neovas- 
cular membrane formation. Chronic 
anterior uveitis developed in seven 
(88%) of eight eyes with final visual 
acuity of worse than 20/200 and in only 
10 (28%) of 36 eyes with visual acuity 
better than or equal to 20/200. Choroi- 
dal neovascular membrane formation 
oecurred in one eye of each of of four 
patients (9%) and caused profound vi- 
sion loss demonstrated by visual acuity 
of 20/400 to hand motions in all four 
eyes. No correlation was found be- 
tween visual acuity at presentation 
and final visual acuity. Several pa- 
tients in this series presented with 
profound visual loss (visual acuity of 
worse than 20/400) in one eye and 
achieved final visual acuity of better 
than 20/30 in that eye. 


COMMENT 


First described by Vogt" in 1906 and 
by Koyanagi" in 1929, Vogt-Koyanagi 
syndrome is characterized by predomi- 
nantly anterior uveitis associated with 
poliosis, vitiligo, and auditory distur- 
bances. In 1926, Harada" described a 
disease consisting predominantly of 
posterior uveitis associated with exu- 
dative retinal detachments. These two 
diseases are now recognized as a con- 
tinuum referred to as Vogt-Koyanagi- 
Harada syndrome or  uveoenceph- 
alitia, ™ 

The most common presenting symp- 
toms of patients with VKH syndrome 
in our series were vision loss, head- 
ache, and periocular pain. Four pa- 
tients (19%) complained of tinnitus at 
presentation. The most characteristic 
physical findings were uveitis, exuda- 
tive retinal detachments, and optic 
dise swelling. Exudative detachments 
usually started in the macular region 
and were often multicentric or showed 
a clover form as described by Uehara 
et al.” 

Seven patients (33%) experienced 
cutaneous changes, which included po- 
liosis, alopecia, and vitiligo, was com- 
parable with that in several recent 
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Color Fig 1.—Typical multifocal retinal detachments and bru- 
nette fundus in a patient with VKH syndrome. Also evident is 
some mild disc swelling. 








Color Fig 3.—Top, On presentation, a fundus shows retinal 
striae secondary to a shallow exudative retinal detachment and 
a brunette fundus. Bottom, Six months later, marked pigment 
loss and atypical “setting sun” fundus are evident (from Gass’). 





Color Fig 2.—Top, A retinal detachment of the inferior macula 
with radiating striae is evident. Bottom, Fluorescein angiogram 
shows multiple pinpoint hyperfluorescent leaks and early accu- 
mulation of dye in the subretinal space. Note the loss of the 
background choroidal pattern due to the inferior retinal 
detachment. 
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Color Fig 4.—Fundus showing marked pigment disruption 
and atrophy occasionally occurring after resolution of retinal 
detachment in VKH syndrome. The central macula has an area 
of subretinal scarring from a choroidal neovascular membrane. 
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Fig 3.—Final visual acuity (best eye) vs percentage of eyes in each visual category. 


series,"^"" but occurred less frequently 
than in an early series reported by 
Rosen.” These findings were rare at 
presentation but tended to develop in 
some patients during follow-up. Ohno 
et al^ have stated that the apparent 
decrease in incidence of the systemic 
findings in VKH syndrome may be 
attributed to early systemic steroid 
therapy. There was no correlation be- 
tween cutaneous manifestations of 
VKH syndrome and the extent of in- 
traocular inflammatory disease in our 
series. 

Diagnostic evaluations of the pa- 
tients in our series consisted of lumbar 
paracentesis, fluorescein angiography, 
and echography. Lumbar paracentesis 
was used early in this series, but later 
was abandoned. With a broadening 
understanding of the characteristic 
clinical features of VKH syndrome and 
the typical findings on fluorescein an- 
giographic examination, the use of this 
more invasive technique has decreased 
at our institution. 

Fluorescein angiography is useful in 
the diagnosis of VKH syndrome." ^" 
The exudative retinal detachments of 
VKH syndrome may be distinguished 
from the secondary retinal detach- 
ments due to other causes such as 
idiopathic central serous chorioretinop- 
athy and the uveal effusion syndrome 
because these disorders do not charac- 
teristically demonstrate the typical 
multifocal pinpoint leaks, disc staining, 
and accumulation of dye in the subret- 
inal space that is characteristic of VKH 
syndrome. Angiography is less helpful 
in distinguishing VKH syndrome from 
other diffuse infiltrating diseases af- 
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feeting the choroid, such as metastatic 
carcinoma and leukemia. 

Echography, which is becoming in- 
creasingly useful in the diagnostic 
evaluation of secondary retinal detach- 
ments, was used in several of our 
cases. The typical findings in VKH 
syndrome consist of solid, low-reflec- 
tive, diffuse, choroidal thickening, pri- 
marily involving the posterior fundus 
and overlying secondary retinal de- 
tachment. This test can help exclude 
other causes of retinal detachment (eg, 
idiopathic uveal effusion syndrome, 
metastatic carcinoma, and posterior 
uveitis) that usually show highly re- 
flective choroidal thickening (S.F. 
Byrne, oral communication, Septem- 
ber 1990). 

Systemic corticosteroids have be- 
come the mainstay of therapy in VKH 
syndrome" and probably are partly 
responsible for the decreased incidence 
of associated complications and the im- 
provement in visual outcome.*" Vari- 
ous steroid treatment regimens have 
been used, including intravenous drip 
infusion of 200 mg of prednisolone and 
pulse therapy with 500 to 1000 mg of 
methylprednisolone sodium succi- 
nate." Hayasaka et al” have suggest- 
ed the use of oral corticosteroids when 
the disease is mild and predominantly 
posterior (retinal detachment and mild 
anterior uveitis), with intravenous in- 
fusion (more than 200 mg of predniso- 
lone) possibly necessary in cases of 
more severe disease. The adjustment 
to higher steroid dosages, however, 
should be performed cautiously to 
avoid complieations of high-dose ste- 
roid therapy.” Masuda and Tanishima? 


noted rapid resolution of the perme- 
ability abnormality of Bruchs mem- 
brane, demonstrated on fluorescein 
angiographic examination, after treat- 
ment with intravenous mannitol and 
corticosteroids. In our patients, treat- 
ment with oral prednisone (80 to 
100 mg/day) usually produced rapid 
response to therapy and resolution of 
retinal detachment and decrease in in- 
traocular inflammation within a few 
days. 

Recurrences of retinal detachment 
and inflammation are common. We 
noted an average recurrence rate of 
1.6 episodes per patient. Almost all 
recurrences within 6 months of presen- 
tation were associated with rapid or 
early decreases in steroid doses and 
necessitated reinstitution of higher 
doses of steroids. Recurrences were 
uncommon after 6 months of therapy, 
except in patients who developed 
chronic anterior segment inflamma- 
tion. While early treatment appears to 
be associated with a shorter duration 
and less progression of the disease, 
recurrent iridocyclitis may develop af- 
ter premature discontinuation of ste- 
roid therapy.” Patients who devel- 
oped chronic uveitis in our series 
required prolonged therapy with sys- 
temic corticosteroids (48 months) to 
keep inflammation relatively quies- 
cent. Fujioka et al“ found the average 
duration of uveitis to be 3.8 months in 
patients treated within 2 weeks of the 
onset of symptoms, compared with 45 
months in patients whose treatment 
was delayed. 

One of our patients, who was exclud- 
ed owing to unavailability for follow- 
up, presented from another country 
with a 4-year history of vision loss, 
decreased hearing, alopecia, and vitili- 
go. She had no light perception and 
phthisis in both eyes. Absence of prior 
steroid treatment for unremitting uve- 
itis may have caused her poor visual 
outcome." A similar case has been 
described by Snyder and Tessler.” 

Nussenblatt et al," Wakatsuki et 
al^ and others have reported favor- 
able results with the use of cyclosporin 
A in the treatment of VKH syndrome 
and other forms of intraocular inflam- 
mation resistant to systemic cortico- 
steroids. They used initial doses of 7 
mg/kg of body weight and 10 mg/kg of 
body weight, with tapering of the dos- 
age based on clinical response. Revers- 
ible renal and hepatic toxic effects 
occasionally occurred. Two of our pa- 
tients with protracted intraocular n- 
flammation responded well to cyclo- 
sporine therapy. 

The long-term complications of VKH 
syndrome include glaucoma, cataract 
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formation, pigmentary fundic derange- 
ment, optic neuropathy, and choroidal 
neovascular membrane formation. 
Glaucoma is a reported complication of 
VKH syndrome that can lead to severe 
vision loss." Acute angle closure at- 
tributed to ciliary body swelling in 
some patients with Harada's disease" 
or chronic angle closure glaucoma sec- 
ondary to complete peripheral anterior 
synechiae formation" ^ did not develop 
in our cases. Twenty eyes (45%) in our 
series, however, developed elevated 
intraocular pressure (higher than 
22 mm Hg) during follow-up, with the 
elevation induced by intraocular in- 
flammation or administration of ste- 
roids. None of our patients developed 
intractable glaucoma unresponsive to 
medical therapy or vision loss from this 
complication. Early and aggressive use 
of systemic steroids in our series may 
have helped prevent this complication. 

Cataracts developed in 10 (67%) of 
15 eyes with final visual acuities of 
worse than 20/30. Four eyes in our 
series underwent uneventful cataract 
surgery after intraocular inflammation 
had become quiescent. None of these 
eyes developed severe postoperative 
inflammation or complications second- 
ary to the previous uveitis. The most 
common causes of a moderate decrease 
in visual acuity (poorer than 20/30) not 
explained by cataract in our patients 
were pigment changes and generalized 
atrophy of the retina secondary to 
previous inflammation and retinal 
detachment. `” 

Choroidal neovascular membrane 
formation has been described in VKH 
syndrome" and in our series was 
associated with profound visual acuity- 
loss. Choroidal neovascular membrane 
formation has been postulated to occur 
in areas where Bruch’s membrane has 
been damaged secondary to chronic 
inflammation.” 

The prognosis for patients with 
VKH syndrome has been reported to 
be guarded." Several recent se- 
ries” have indicated that the prog- 
nosis appears to have improved. The 
overall visual prognosis in our series 
was good, with 29 eyes (66%) main- 
taining visual acuity of 20/30 or better. 
Only three eyes (7%) developed se- 
vere vision loss as demonstrated by 
visual acuity of poorer than 20/400. A 
poor visual prognosis was associated 
with increased age at presentation, 
chronic intraocular inflammation re- 
quiring long-term treatment with cor- 
ticosteroids, and subretinal neovascu- 
larization. Of eight eyes with visual 
acuity of worse than 20/200, seven 
(88%) developed chronic anterior uve- 
itis, compared with 10 (28%) of 36 eyes 
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with visual acuity of 20/200 or better. 
Patients who developed protracted an- 
terior segment inflammation necessi- 
tating long-term steroid therapy tend- 
ed to have poorer prognoses and 
required close follow-up." Ohno et al’ 
noted worse prognoses in patients with 
poor visual acuity at presentation and 
found younger age to be associated 
with worse final visual outcomes. 

Although patients with VKH syn- 
drome have limited therapeutic op- 
tions, systemic corticosteroid therapy 
in these patients appears to improve 
visual prognosis. ^?^'^ We recommend 
that patients with VKH syndrome be 
treated with early and aggressive sys- 
temic doses of corticosteroids to con- 
trol intraocular inflammatory reaction. 
Because of the high rate of recurrence 
within the first 3 months of therapy, 
we advise that patients be weaned 
cautiously from steroids during this 
period. Patients who develop chronic 
intraocular inflammation and respond 
poorly to systemic corticosteroids ap- 
pear to have more guarded prognoses. 
Treatment with the immunosuppres- 
sant cyclosporine in these cases may be 
appropriate. 


This investigation was supported in part by the 
HEED Ophthalmic Foundation. 
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Mycosis Fungoides Metastatic to the Orbit 


Jamie L. Zucker, MD, Michael F. Doyle, MD 


e We report a case of mycosis fun- 
goides metastatic to the anterior orbit in 
an 83-year-old woman. The patient had a 
history of several years’ duration of well- 
controlled primary mycosis fungoides 
with localized dermatologic T-cell lym- 
phomas, mainly on the lower extremities. 
She developed gradual proptosis, hyper- 
ophthalmos, and vertical diplopia. Com- 
puted tomography demonstrated a solid, 
extraconal mass in the right lower anteri- 
or orbit. Biopsy revealed a gristly, yel- 
lowish, infiltrating mass at the level of 
the inferior orbital septum. Pathologic 
examination revealed anaplastic T lym- 
phocytes with multiloculated, cerebri- 
form nuclei that matched those of the 
primary mycosis fungoides skin tumors. 
Mycosis fungoides rarely spreads to the 
ocular and periocular structures, and 
this case was unique in that it presented 
as a pure orbital lesion with sparing of 
the overlying lids and adnexal struc- 
tures. 

(Arch Ophthalmol. 1991;109:688-691) 


M ressis fungoides is a cutaneous 

-cell lymphoid tumor that may 
spread to involve multiple extracutan- 
eous tissues. The lymph nodes and 
viscera, especially the lung, spleen, 
and liver, are most commonly in- 
volved.^ Central nervous system 
and ocular manifestations are rare and 
may only be found at autopsy." 
Of the ocular findings, eyelid tumors 
are most commonly reported.’ Other 
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oeular findings include keratitis, uve- 
itis, papiledema and optic atrophy, 
conjunctival tumors, and vitreoretinal 
involvement." Orbital involvement 
hag been reported in several cases, 
either as a posterior extension from an 
eyelid tumor or as an autopsy finding. 
Very few cases of pure orbital involve- 
ment without periocular skin involve- 
ment have been reported. We describe 
a patient who developed extracutan- 
eous mycosis fungoides presenting as 
an extraconal orbital mass without 
overlying eyelid or adnexal changes. 


REPORT OF A CASE 


An 83-year-old voman had a history of 
mycosis fungoides of several years’ dura- 
tion. She had been followed for intermit- 
tent, recurring, erythematous plaques on 
the trunk and lower extremity. Her com- 
plete blood cell counts had remained nor- 
mal, with no evidence of mycosis cells in the 
blood (Sézary syndrome). She had been 
treated with topical nitrogen mustard on 
multiple cutaneous areas, with good re- 
sults. Roentgenographic evaluation showed 
no evidence of visceral involvement. Com- 
puted tomography of the abdomen, chest, 
and pelvis done in September 1988 showed 
a possible goiter or an enlarged neck lymph 
node. A biopsy was not performed at the 
time. 

Because of recurring lower-extremity le- 
sions, chemotherapy was initiated in Au- 
gust 1989, consisting of chlorambucil (Leu- 
keran; 2 mg/d). Due to a poor response, 
treatment was switched to vincristine sul- 
fate (Oncovin; 1 mg) administered intrave- 
nously once per month. In November 1989, 
cyclophosphamide (Cytoxan; 50 mg/d) was 
added to the regimen. 

The patient had several typical mycosis 
fungoides plaques on her right lower ex- 
tremity in the ankle area. These were 
erythematous, well-circumscribed plaques 
measuring approximately 4x4 em (Figs 1 
and 2). One was slightly ulcerated in the 


center. On presentation to one of us 
(J.L.Z.), the patient had a 1-month history 
of vertical diplopia and mild discomfort and 
tenderness of the right lower lid area. She 
also complained of mild tearing and a slight- 
ly red right eye. She denied previous or 
current eyelid lesions and believed that her 
visual acuity was not affected by this mass. 
She denied eye pain, trauma, metamor- 
phopsia, scotomas, discharge, or photopho- 
bia. 

The examination revealed visual acuity of 
20/60 OD and 20/60 OS. A firm, slightly 
tender, 3.5 2.0-em, deep, right, inferior 
orbital mass was felt (Figs 3 and 4) at about 
the level of the inferior orbital rim. The 
overlying eyelid was essentially normal 
with no evidence of cutaneous malignancy. 
Pupils were normally round and reactive, 
with no afferent defect. The bulbar conjunc- 
tiva was slightly injected with prominent 
vessels. An obvious right hypertropia mea- 
sured 10 prism diopters (D). The right eye 
was elevated about 5 mm above the level of 
the left eye. Motility of the right globe was 
very restricted. There was moderate limita- 
tion of abduction and essentially no down- 
ward action in any field (Fig 5). Hertel 
exophthalmometry measured 20 mm in the 
right eye and 17 mm in the left eye, with a 
base of 93 mm. The results of the slit-lamp 
examination were otherwise normal with 
2+ nuclear sclerotic lens changes. The pos- 
terior segment examination results were 
also normal, with no vitreal opacities or 
chorioretinal folds and a 0.4 cup-dise ratio. 

A computed tomographic scan showed a 
dense, homogeneous, extraconal orbital 
mass inferiorly on the right eye between 
the globe and the orbital floor (Figs 6 and 
7). The globe itself appeared to be spared. 
However, it was mildly proptotie and 
elevated by the mass. The intraconal 
and intracranial structures were normal. 
The patient underwent an orbital biopsy 
through a right infraciliary lid incision. A 
biopsy of the leg lesion was also performed. 
The overlying tissues were normal, and a 
gristly, yellow, firm mass was found at the 
level of the inferior orbital septum. Frozen 
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and permanent sections were obtained; my- 
cosis fungoides metastatic to the orbit was 
found and radiation therapy to the orbit 
was begun, with early shrinkage of the 
tumor. 


PATHOLOGIC FINDINGS 


Gross examination of the leg skin biopsy 
specimen revealed an elliptical portion of 
focally erythematous, scaly, gray-red skin 
measuring 120 mm horizontally, 20 mm 
vertically, and 10 mm anteroposteriorly. 

Microscopic examination of this specimen 
showed some hyperkeratosis and parakera- 
tosis. The underlying stratified squamous 
epithelium was flattened and the underly- 
ing papillary and subpapillary dermis con- 
tained sheets and bands of dark small 
and medium-sized mononuclear cerebriform 
cells. Many of these cells had prominent 
nucleoli, and scattered mitoses were seen. 
There was extensive tumor involvement of 
the dermoepidermal junction along with 
involvement of the underlying skin appen- 
dages. Epidermotrophism defined by the 
presence within the epidermis of scattered, 
single, mononuclear cells surrounded by a 
halolike clear space was noted. In some 
areas, the characteristic Pautrier microab- 
scesses were present (Fig 8), which con- 
sisted of small, intraepidermal groups of 
tightly aggregated mononuclear cells lo- 
cated within a vacuole. 

Gross examination of the connective tis- 
sue specimen from the lower right orbit 
revealed multiple, granular, dull, gray- 
white and gray-tan, spongy tissue frag- 
ments. The two larger fragments together 
measured 40 mm horizontally, 30 mm verti- 
call, and 10 mm anteroposteriorly. No 
skin, eyelashes, cysts, or pigmentation was 
noted. 

Microscopic examination of the right or- 
bital specimen showed fibrocollagenous and 
fibrofatty tissue that contained vessels, 
small nerve twigs, and rare fragments of 
striated muscle. All of these structures 
were infiltrated by cerebriform mononucle- 
ar cells similar to those seen in the leg 
biopsy specimen described above (Fig 9). 
Cells in some areas had a characteristic 
perivascular arrangement. A touch imprint 
of the infiltrate was obtained that showed 
characteristic mycosis cells (Fig 10). Im- 
munoperoxidase stains revealed that the 
cerebriform mononuclear cells were leuko- 
cyte common antigen and UCHL-1 positive, 
and therefore T lymphocytes. These results 
are highly suggestive of mycosis fungoides, 
a T-cell lymphoma found in both the leg and 
orbital tissue specimens. 


COMMENT 


Myeosis fungoides is a malignant 
T-cell cutaneous lymphomatous dis- 
ease that occurs in middle-aged or 
elderly individuals. It typically follows 
an indolent, progressive course and 
responds variably to both topical and 
systemic chemotherapeutic agents." 
Clinically, the lesions are usually ery- 
thematous, eczematous, flat patches or 
plaques covering the torso or extrem- 
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Fig 1.—Lower-extremity cutaneous mycosis 


fungoides plaque at the time of orbital spread. 
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Fig 3.—Clinicai photograph (front view) 


showing proptosis and inferior orbital mass 
on the right side. The lid and adnexal struc- 
tures are normal and have no cutaneous 
tumors. 





Fig 2. — Another lower-extremity mycosis fun- 
goides lesion with slight central ulceration. 
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Fig 4. — Clinical photograph (side view) show- 
ing right anterior orbital mass. 


Fig 5. — Clinical photograph demonstrating marked restriction of downward gaze of the right eye 


due to orbital tumor mass. 
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Fig 6.—Computed tomographic scan (axial view) showing dense Fig 7.— Coronal computed tomographic view of the orbital mass on the 
extraconal anterior orbital mass. right side. 
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Fig 8.— View of right leg lesion showing Pautrier microabscess and Fig 9.— View of the right orbital biopsy specimen showing infiltration by 

involvement of the dermoepidermal junction (hematoxylin-eosin, origi- convoluted large and small cells of mycosis fungoides (hematoxylin- 
nal magnification x 100). eosin, original magnification x 100). 

ene 2. ities that may spread over more skin. tral nervous system are involved most 

‘= ~= Later stages demonstrate cutaneous often; however, almost all organs and 

tumors, ulcerations, and extracutan- tissues were found to be involved with 


eous spread. A rare variant of mycosis myeosis fungoides on careful autopsy 
fungoides is the Sézary syndrome with study. 


skin lesions along with hepatospleno- Histopathologic features of mycosis 
megaly and abnormal T lymphocytes fungoides involving both the skin and 
(Sézary cells) cireulating in the blood. extracutaneous sites are similar. 

Extracutaneous dissemination of the Bandlike cellular infiltrates of variable 
tumor was once thought to be uncom- density involve the superficial dermis 
mon, but recent reports show visceral and focally invade the epidermis. The 
spread in up to 82% of autopsy find- infiltrate contains a mixture of inflam- 
ings. Lymph nodes, viscera, and cen- matory cell types but must contain the 


atypical lymphoid cells of variable size 
known as Lutzner or mycosis cells. 
They have a densely hyperchromatic 





Fig 10.— Touch imprint from the orbital lesion 





7. showing the characteristic cerebriform T lym- nucleus that has a crenated appear- 
phocyte of mycosis fungoides (Wright- ance. This is due to deeply clefted, 
Giemsa, original magnification x 100). multilobulated, cerebriform nuclei of 
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these cells. Epidermal involvement by 
the infiltrate is a requisite for the 
diagnosis of mycosis fungoides. Indi- 
vidual cells may be seen in the epider- 
mis or clusters known as Darier-Pau- 
trier abscesses. Extracutaneous sites, 
including the ocular and periocular tis- 
sue, also demonstrate these character- 
istically atypical T lymphocytes and 
infiltrates, along with occasional Pau- 
trier mieroabscesses. ^ 

Various ocular findings in mycosis 
fungoides have been reported. A re- 
view of the literature’ showed anterior 
segment involvement to be most com- 
mon, with eyelid tumors most fre- 
quently found. Other tissues, such 
as the conjunctiva, caruncle, cornea, 
sclera, uvea, retina, and optic nerve, 
have been reported to contain mycosis 
fungoides.*** 

Orbital involvement of mycosis fun- 
goides has been reported as autopsy 
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findings of four patients," " with little 
premortem abnormality. Another re- 
port described a patient with massive 
anterior orbital involvement that in- 
cluded the eyelid.“ Most reports of 
orbital involvement appear to involve 
the spread of eyelid lesions posteriorly 
to the anterior orbit, with very few of 
primarily orbital origin. One report" 
described a patient with large subcuta- 
neous tumors of the connective tissues 
involving the orbit, flank, buttock, and 
neck. The authors described these as 
"^nonepidermotropic" tumors of ad- 
vanced mycosis fungoides, a very atyp- 
ical course of the disease. 

Our patient is an elderly woman 
with a history of several years dura- 
tion of cutaneous mycosis fungoides of 
the torso and lower extremity. She 
was free of symptomatie, hematologic, 
or roentgenographic extracutaneous 
spread. She presented with what 
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appeared to be purely orbital involve- 
ment of mycosis fungoides, with 
no evidence of eyelid skin involve- 
ment, a so-called nonepidermotropic 
tumor. Roentgenographic and micro- 
scopic studies confirmed the diagnosis 
of mycosis fungoides, with mycosis 
cells and infiltrates seen in the orbital 
biopsy specimen. 

Certainly, this is a most unusual 
initial presentation for extracutaneous 
mycosis fungoides spread. The treat- 
ment and response to ocular spread of 
this tumor vary, but treatment usually 
consists of topical nitrogen mustard 
applied to the eyelids, local radiothera- 
py for deeper or intraocular lesions, 
and possibly systemic steroid-immuno- 
suppressive therapy. Our patient re- 
sponded well to local radiotherapy to 
the orbit, with shrinkage of the tumor 
mass and improvement of ocular 
symptoms. 
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Recurrent Herpes Simplex Keratitis With Concurrent 


Epithelial and Stromal Involvement 


Immunohistochemical and Ultrastructural Observations 


Leonard M. Holbach, MD; Ramon L. Font, MD; Kirk R. Wilhelmus, MD 


€ A 65-year-old man with recurrent 
herpetic keratitis underwent corneal 
transplantation for persistent nonimmu- 
nologic graft failure. Histopathologic ex- 
amination of the corneal button revealed 
an epithelial dendrite containing Cowdry 
type A inclusion bodies, moderate stro- 
mal edema, and a retrocorneal fibrous 
membrane. Immunohistochemical stud- 
ies demonstrated herpes simplex virus 
antigens in epithelial cells bordering the 
dendritic defect and in stromal kerato- 
cytes. The mean width of corneal epithe- 
lium displaying herpes simplex virus- 
positive epithelial cells on either side of 
the dendritic defect measured 200 =+ 46 
yum. By electron microscopy, herpesvi- 
rus particles were identified in epithelial 
cells lining the dendrite as well as in 
stromal keratocytes. Infected kerato- 
cytes were scattered throughout the 
stroma but were not observed subjacent 
to the epithelial dendrite. This study 
demonstrates that a recurrent epithelial 
dendrite can be associated with subclini- 
cal stromal infection of the graft. 

(Arch Ophthalmol. 1991;109:692-695) 


Recurrent herpes simplex virus 
(HSV) corneal disease is the most 
common infectious cause for penetrat- 
ing keratoplasty." The postoperative 
course may be complicated by recur- 
rent herpetic disease, which is respon- 
sible for significantly more cases of 
graft failure than allograft rejection.*” 
The clinical distinction between recur- 
rent HSV disease and other causes of 
graft failure may represent a challenge 
in diagnosis and management. ”® 
Despite initially successful treat- 
ment and resolution of epithelial kera- 
titis, many patients later suffer recur- 
rent herpetic disease"" in either 


Accepted for publication November 21, 1990. 

From the Department of Ophthalmology, Cul- 
len Eye Institute, Baylor College of Medicine, 
Houston, Tex. Dr Holbach is now with Universi- 
tät Erlangen-Nürnberg (Federal Republic of 
Germany). 

Reprint requests to Cullen Eye Institute, Bay- 
lor College of Medicine, One Baylor Plaza, Hous- 
ton, TX 77030 (Dr Font). 


692 Arch Ophthalmol— Vol 109, May 1991 


the host cornea or graft. The roles of 
stromal herpetic infection" and im- 
mune response" are controversial. Al- 
though the cytologic features of human 
herpetie epithelial dendrites, mostly 
obtained by corneal scrapings and 
impression replicas, have been de- 
scribed," little is known about the 
immunohistochemical and eleetron mi- 
croscopie characteristics of epithelial 
dendrites in situ and their topographi- 
cal relationship to concurrent stromal 
infection in the presence of an intact 
Bowman layer. 

The purposes of this study are to 
analyze the distribution pattern of 
HSV antigens and viral particles in a 
recurrent epithelial dendrite in a graft 
and to determine the extent of concur- 
rent viral infection in the stroma. 


REPORT OF A CASE 


In a 65-year-old man, epithelial keratitis 
of the right eye associated with labial fever 
blisters first developed 20 years previously. 
He remained asymptomatic until 2 years 
ago, when peripheral necrotizing stromal 
keratitis progressed to corneal perforation. 
Herpes simplex virus type 1 antibody titers 
were 1:80 IgM and 1:5120 IgG. 

A penetrating keratoplasty was per- 
formed. The postoperative course was com- 
plicated by wound necrosis treated with 
cyanoacrylate adhesive and a therapeutic 
soft contact lens. A secondary corneal infec- 
tion was treated with topical penicillin, 
which was subsequently changed to chlor- 
amphenicol based on sensitivity testing of 
Propionibacteriwm acnes isolates. 

Six months after the first corneal trans- 
plant, a regraft procedure with extracapsu- 
lar cataract extraction was performed for 
progressive graft failure with wound leak- 
age and an intumescent cataractous lens. 
Cultures of the corneal button for bacteria 
and fungi were negative, but cultures of 
the eontact lens yielded Streptococcus mi- 
tis. Histopathologic examination revealed 
an acute suppurative necrotizing keratitis 
caused by gram-positive cocci. The microor- 
ganisms stained positively with periodic 
acid-Schiff and Grocott's methenamine sil- 
ver owing to a carbohydrate moiety in the 
bacterial cell wall consistent with Strepto- 
coccus species. 

Seven months postoperatively, labial fe- 
ver blisters and dendritogeographic epithe- 
lial keratitis developed in the right eye (Fig 
1). Topical trifluridine resulted in epithelial 


healing, but graft edema ensued despite 
topieal steroid use. Therapy was tapered 
and maintained at twice-daily 1% predniso- 
lone acetate and twice-daily vidarabine 
ointment. Eighteen months after the sec- 
ond corneal transplant, a regraft procedure 
with a secondary posterior chamber intra- 
oeular lens was performed. The excised 
keratectomy specimen was processed for 
histopathologic study, as well as immu- 
nohistochemical and electron microscopic 
studies. 


MATERIALS AND METHODS 


The corneal button was fixed in 4% buff- 
ered formaldehyde solution. Multiple sec- 
tions through the dendritic lesion were cut 
at 5 um from paraffin-embedded tissue and 
stained with hematoxylin-eosin and period- 
ie acid-Schiff. The avidin-biotin complex 
(ABC) method was used on unstained sec- 
tions to evaluate the presence and location 
of HSV antigens. Sections were deparaffin- 
ized in xylene, rehydrated in an ethanol 
series, and washed in phosphate-buffered 
saline (pH 7.4). Endogenous peroxidase ac- 
tivity was blocked using 100% methanol and 
0.4% hydrogen peroxide. The sections were 
incubated with normal serum (Vectastain 
ABC, horse for mouse IgG and goat for 
rabbit IgG, Vector Laboratories, Burlin- 
game, Calif). Incubation with the primary 
antibodies was carried out in a moist cham- 
ber at 37°C for 60 minutes. The immunocy- 
tochemical stainings for HSV antigens were 
carried out using commercially available 
versions of the avidin-biotinylated peroxi- 
dase method (Vectastain ABC, for rabbit 
and mouse IgG, Vector Laboratories), as 
has been previously described.” 

Herpes simplex virus antigens were 
typed as specific to HSV-1 using monoclonal 
antibodies directed against epitopes on the 
ICP 4 and ICP 6 proteins” of HSV-1. 
Specificity and sensitivity of the viral anti- 
serum (MacIntyre strain, lot e 77, 1:600, 
ABC, Dako Laboratories, Santa Barbara, 
Calif) were determined by applying it to 
human tissues (brain) that were culture 
positive for HSV-1. There was no cross- 
reactivity with cytomegalovirus antigens. 

In eontrol series, the primary antibodies 
were omitted or substituted by unrelated 
IgG mouse monoclonal antibody or normal 
rabbit serum. Negative tissue controls in- 
cluded keratectomy specimens from lattice 
stromal dystrophies. Horse anti-mouse IgG 
and goat anti-rabbit IgG were used as 
secondary antisera. The sections were incu- 
bated with these reagents for 30 minutes. 
Subsequent application of the avidin-biotin- 
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Fig 1.— Clinical appearance of dendritogeographic herpetic epithelial 
keratitis involving host and donor cornea 7 months after penetrating 
keratoplasty (rose bengal). 





Fig 3.—Section adjacent to that shown in Fig 2 demonstrates herpes 
simplex virus antigens (dark reaction product) within the epithelial cells 
on both sides of the dendritic defect. Antigens were not detectable in 
other epithelial cells outside the dendritic area or in the stroma subja- 
cent to the dendritic defect (avidin-biotin complex method, hematoxy- 
lin counterstain, x 51). 


Fig 5. — Section located more centrally to that shown in Fig 2 displaying 
herpes simplex virus (HSV)-positive keratocytes throughout the su- 
perficial stroma and just below Bowmans layer. The epithelial cells do 
not express detectable HSV antigens (avidin-biotin complex method, 
hematoxylin counterstain, x 51). 


Fig 2.— Paracentral view of section of the keratectomy specimen from 
the patient shown in Fig 1 obtained 18 months after penetrating 
keratoplasty. It illustrates the area of the dendrite containing several 
Cowdry type A inclusion bodies (without the halo) and a few syncytial 
multinucleated giant cells (hematoxylin-eosin, x 100). 





`e IM 
Fig 4.—High-power view of section adjacent to that shown in Fig 3 
illustrates herpes simplex virus (HSV) antigens within a circumscribed 
area of corneal epithelial cells lining the dendritic defect. The epithelial 
basement membrane also stains positively for HSV antigens (avidin- 
biotin complex method, hematoxylin counterstain, x 100). 


Fig 6.—Herpes simplex virus (HSV) antigens are identified in deep 
stromal keratocytes. The endothelial cells do not express detectable 
HSV antigens. They contain phagocytized pigment granules (avidin- 
biotin complex method, hematoxylin counterstain, x 51). 
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ylated peroxidase complex was carried out 
for 45 minutes. The sites of peroxidase 
activity were visualized by incubation of 
freshly prepared 3,3 -diaminobenzidine te- 
trahydrochloride, 5 mg in 10 mL of 
0.05 mol/L TRIS-hydroxymethylamino- 
methane-buffered saline, pH 7.6, contain- 
ing 0.0015% hydrogen peroxide. The slides 
were counterstained with Gill’s hematoxy- 
lin, dehydrated, cleared in xylene, and cov- 
erslipped with mounting medium. 

Representative areas of the corneal but- 
ton, including the dendrite, were removed 
from the formaldehyde-fixed specimen." 
The tissue was washed in phosphate buffer 
(three times) and fixed overnight in phos- 
phate-buffered 2% glutaraldehyde; it was 
then postfixed in 1% osmium tetroxide. 
Thick sections were stained with a toluidine 
blue/basie fuchsin solution. Thin sections 
were stained with uranyl acetate-lead ci- 
trate and examined with the electron 
microscope. 


RESULTS 


Grossly, the 7-mm corneal button 
was diffusely hazy and displayed a 
paracentral epithelial dendrite. Pig- 
mented precipitates covered half of the 
retrocorneal surface. 

Microscopically, the corneal epithe- 
lium showed marked intracellular 
and intercellular edema. Cross-sec- 
tions through the dendrite revealed an 
irregular epithelial defect lined by epi- 
thelial cells that contained intranuclear 
inclusions with margination of the nu- 
clear chromatin (Cowdry type A inclu- 
sions, Fig 2). Occasional multinucle- 
ated syncytial giant cells were 
observed (Fig 2). Bowman's layer was 
disrupted and partially absent periph- 
erally. The underlying stroma dis- 
played focal scarring with mild fibro- 
blastic proliferation in these areas. The 
stroma was diffusely thickened and 
edematous. Descemet's membrane was 
of normal thickness and partially cov- 
ered by a thin, pigmented, retrocor- 
neal fibrous membrane containing mel- 
anin granules. The endothelial cells 
were reduced in number. 

Immunoperoxidase studies revealed 
that the corneal epithelial cells lining 
the dendritic defect disclosed immuno- 
reactivity for HSV antigens (Figs 3 
and 4). The mean width of the corneal 
epithelium displaying  HSV-positive 
cells on either side of the dendritic 
defect, as measured in subserial sec- 
tions cut at 5 jum, was 200-46 pm 
(range, 110 to 280 jum), whereas the 
mean width of the dendritic defect (ie, 
absence of epithelial cells) measured 
56 —26 um (range, 20 to 110 jum). The 
mean width of the dendrite (including 
the epithelial defect and the adjacent 
HSV-positive epithelial cells on either 
side) was 650—320 um (range, 400 to 
1200 um). The remaining corneal epi- 
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Fig 7.— Electron micrograph of syncytial corneal epithelial cell showing three nuclei (N) that 
display numerous viral particles. A desmosome is clearly depicted (circle). Arrow points to a 
cluster of intranuclear virions ( x 6700). Inset, The virions at higher magnification. Arrowhead 
points to virion with an intact centrally placed nucleoid (uranyl acetate-lead citrate, x 47 000). 


thelial cells located more than 100 to 
280 um from the center of the dendrit- 
ic defect did not display detectable 
HSV antigens. Herpes simplex virus 
antigens were also identified in kerato- 
cytes in the superficial and deep layers 
of the stroma (Figs 5 and 6); however, 
the HSV-positive keratocytes were 
not observed in the stroma underlying 
the dendritic defect (Fig 3). The corne- 
al endothelial cells did not express 
detectable HSV antigens. 

Electron microscopic studies dis- 
closed that the intranuclear inclusions 
of the epithelial cells lining the dendrit- 
ic defect contained myriad viral parti- 
cles with a central nucleoid surrounded 
by a capsid (Fig 7) Viral particles 
were also observed in the keratocytes 
of the superficial and deep layers of the 
stroma except in an area immediately 
underlying the epithelial lesion (Fig 8). 


COMMENT 


While the cytologic features of HSV 
epithelial keratitis are well known, the 
histopathologic and immunohistochem- 
ical findings have not been detailed 
previously. Our immunohistochemical 
findings clearly demonstrate that epi- 
thelial HSV infection involves a cir- 
cumscribed peridendritic area up to 


1200 um in width and, thus, support 
the concept that minimal débridement 
may provide a total removal of infected 
epithelial cells. 

The results of our studies also dem- 
onstrate that recurrent epithelial den- 
dritie keratitis in a graft can be associ- 
ated with a subclinical HSV infection 
of stromal keratocytes in the presence 
of an intact Bowman layer. Because 
the infected keratocytes were not con- 
tiguous to the epithelial lesion, stromal 
infection of the graft may not necessar- 
ily depend on prior or concurrent epi- 
thelial disease. The immunohistochem- 
ical and electron microscopic findings 
of the corneal button from our patient 
point to several possible pathogenetic 
mechanisms of herpetic stromal infec- 
tion. Various pathways may account 
for the development of concurrent 
HSV infection of stromal keratocytes. 

The observation that no HSV anti- 
gens were detected within the stroma 
subjacent to the epithelial dendrite 
does not substantiate the concept of 
the corneal stroma as an “immunologic 
blotter.”” The use of topical antivirals, 
however, could have eradicated HSV 
in the superficial stroma subjacent to 
the dendrite owing to their enhanced 
penetration through the area of the 
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Fig 8.— This electron micrograph illustrates a degenerated keratocyte located in the deep 
corneal stroma containing myriad viral particles within the nucleus and the cytoplasm. A few 
empty viral capsids are observed (arrowhead). Arrow points to the fragmented and degenerated 
nuclear membrane. C indicates collagen (uranyl acetate-lead citrate, x 17 000). 


epithelial defect. We believe our find- 
ings imply a route for stromal infection 
different than centrifugal spread from 
an epithelial focus. For example, 
nerves that penetrate Bowman’ lay- 
er” could transport viral particles to 
other stromal locations. 
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èe A case-control study was carried out 
in the state of Tamil Nadu, southern 
India, to examine the association be- 
tween the risk of visually disabling cata- 
ract and a lifetime history of severe diar- 
rhea (including cholera). A series of 421 
subjects, aged 35 to 65 years, meeting 
case (n — 181) and control (n — 240) eligi- 
bility criteria were enrolled from 19 rural 
cataract-screening camps. Ninety case- 
control pairs were postmatched for (re- 
ported) age (+2 years), sex, and area of 
residence. A history of diarrhea was ob- 
tained by using an algorithm developed 
by other investigators in India who have 
reported a strong association between 
cataract and diarrhea. An odds ratio of 
0.8 (95% confidence limits: 0.0, 3.2) was 
obtained from matched pairs analysis, 
and an odds ratio of 1.3 (9596 confidence 
limits: 0.6, 2.7) was obtained among all 
subjects (n = 392) from a logistic analysis 
that adjusted for age, sex, occupation, 
area of residence, and caste. Findings of 
this study do not support the hypothesis 
of an increased risk of visually disabling 
cataract in persons with a positive histo- 
ry of severe diarrhea. 

(Arch Ophthalmol. 1991;109:696-699) 


(Cataract is the leading cause of 
blindness in the world, especially in 
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developing countries,’ where the surgi- 
cal backlog for cataract continues to 
inerease, attributable to a high inci- 
dence and insufficient resources to 
stem the annual increase.” In addition 
to the personal loss of being blind, 
there is a high economic cost to society 
from adults becoming visually dis- 
abled, on average, 14 years earlier 
than in developed countries. 

The cause of cataract and reasons for 
its early occurrence in developing 
countries are unknown. Previously re- 
ported risk factors include age, sex, 
exposure to sunlight, socioeconomic 
status, diet, and nutritional status.*" 
Recently, an association between cata- 
ract and lifetime exposure (by history) 
to severe, life-threatening dehydra- 
tional crises (ie, diarrhea, cholera, and 
heat stroke) has been reported from 
hospital- and clinic-based, case-control 
studies in the states of Madhya Pra- 
desh, in central India," and Orissa, in 
eastern India," respectively. A strong 
dose-response gradient was observed 
in both studies, suggestive of a causal 
relationship between severe dehydra- 
tion and cataract. 

These epidemiologic data support 
a hypothesis, advanced from animal 
studies, that diarrhea may cause cata- 
ract. Harding and Rixon"" have pos- 
tulated four intermediate factors in 
this pathway: (1) secondary malnutri- 
tion, (2) inereased acidosis, (3) dehy- 
dration (producing osmotic distur- 
bances between the aqueous humor 
and the lens), and (4) elevated blood 
urea levels and ammonium cyanate 
(which denatures protein through car- 
bamylation, including the crystalline 
proteins in the lens of the eye). 

Given the potential publie health 
importance of the findings from the 
Madhya Pradesh" and Orissa" studies, 


we undertook a case-control study in 
Tamil Nadu, southern India, to test 
the hypothesis that a positive history 
of severe, life-threatening diarrhea is 
associated with an increased risk of 
cataract. 


SUBJECTS AND METHODS 


A case-control study was carried out in 
March and April 1987, during 19 sequential 
cataract-screening camps in rural areas of 
Tamil Nadu, conducted by the Aravind Eye 
Hospital, Madurai, India. All persons who 
presented to a camp initially underwent 
screening for evidence of lens opacification 
by an ophthalmologist with the use of direct 
ophthalmoscopy. Approximately one in ev- 
ery two subjects with cataract and all sub- 
jects with no lens opacity were referred to a 
study refractionist. “Potential” case sub- 
jects (with one or more opacity) and control 
subjects (with clear lens) were refracted by 
using an illiterate “E” chart. Potential case 
subjects with a best corrected visual acuity 
of 6/60 or worse and potential control sub- 
jects with a best corrected visual acuity of 
6/12 or better were dilated and received an 
anteriorsegment examination by hand- 
light. Subjects with a visually debilitating 
corneal pathologic condition were excluded 
from the study. 

The clarity of the lens was assessed by 
direct ophthalmoscopy by observing the red 
reflex 30 cm from the subject. Subjects also 
underwent a fundus examination by direct 
ophthalmoscopy. Many cataracts were of 
sufficient density such that the view of the 
fundus was obscured, allowing a retinal 
pathologic condition to be possibly missed. 
However, in these subjects, the cataract 
most likely would have been a sufficient 
cause of the decreased visual acuity. 

Case subjects were subjects aged 35 to 65 
years, with a lens opacity sufficient to re- 
duce visual acuity to 6/60 or worse in the 
affected eye, whose cataract could not be 
attributed to diabetes, eye trauma, or a 
potential congenital cause. No attempt was 
made to grade or classify anatomically the 
lens opacity. Control subjects were subjects 
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aged 35 to 65 years, with no lens opacity, 
whose visual acuity was 6/12 or better in 
both eyes. Subjects with lens opacification 
but visual acuity better than 6/60 in the 
affected eye(s) and subjects without cata- 
ract but with a visual acuity worse than 6/12 
in either eye at screening were not enrolled 
into the study. 

Interviews in the Tamil language were 
done by trained interviewers who were 
unaware of the research questions of inter- 
est and, whenever possible, masked to each 
subject’s case status. Information was col- 
lected on demographic (age, sex, occupa- 
tion, caste, and town or village of residence) 
and household socioeconomic (education, 
ownership, etc) characteristics. 

The algorithm for obtaining a history of 
severe diarrhea was derived from that used 
in a previous study” in Madhya Pradesh 
(Figure). Each subject was asked whether 
she or he had ever had a severe illness. If 
the subject responded “yes,” she or he was 
further asked about the number of lifetime 
episodes and whether any had involved 
such severe, life-threatening diarrhea so as 
to require being bedridden for at least 3 
days. If the subject reported having had 
such severe diarrhea, several further ques- 
tions were asked about the timing of the 
last and previous episodes. The same algo- 
rithm was repeated separately for severe 
diarrhea and for cholera, to identify sub- 
jects who may not have considered diarrhea 
as an “illness” or cholera as a form of 
“diarrhea.” Questions about heat stroke in- 
cluded in the original algorithm were ex- 
cluded from our questionnaire, based on the 
perception of investigators that heat stroke 
rarely occurs in this area of the country. 

Data were collected on pretested forms, 
checked for completeness, legibility, and 
consistency, and entered onto the comput- 
er. Because of the markedly different age 
distributions of case and control subjects 
(Table 1), three separate approaches were 
taken to estimate the risk of cataract, given 
a positive history of diarrhea: (1) A post- 
matched data set was constructed by ran- 
domly assigning a case subject to a single, 
age-matched control subject at the older 
ages (dominated by case subjects) or by 
assigning a control subject to a single, age- 
matched case subject at the younger ages 
(dominated by control subjects) within sex- 
area of residence strata. Ninety case-con- 
trol pairs were identified. A Mantel-Haens- 
zel estimate of the odds ratio (OR,,,) for 
the diarrhea-cataract risk relationship was 
computed” for all pairs combined and for 
those within each stratum of matching fac- 
tors. (2) Crude (unadjusted) overall 
and age-stratified OR estimates were de- 
rived for unmatched data for all subjects 
(n=421). (3) An OR was computed by mul- 
tiple logistic regression" for all subjects 
with complete data (n= 392 [93%]), simulta- 
neously adjusting for the same sociodemo- 
graphic characteristics on which matching 
was based in the Madhya Pradesh study (ie, 
age, sex, occupation [indoor, outdoor/agri- 
cultural], area of residence [town, village], 
and caste [*low", other]’’). All analyses 
were done with the use of SPSS (SPSS Ine, 
Chicago, Ill). 
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Ever Severe 
Diarrhea? 


Ever Severe 
Illness? 


How Many 
Episodes? 


Were Any 
Diarrheael? 


How Many Episodes in Your Life? 
When Was the Last Episode? 
When Were Any Previous Episodes? 


RESULTS 


There were marked differences in 
age distribution between enrolled case 
subjects with cataracts and normal 
control subjects (Table 1), with case 
subjects heavily skewed to older years: 
7% were aged 35 to 44 years, 37% were 
aged 45 to 54 years, and 57% were 
aged were 55 to 65 years, compared 
with 45%, 40%, and 15%, respectively, 
among control subjects. Fifty-eight 
percent of case subjects vs 45% of 
control subjects were female, 42% vs 
29% worked in predominantly outdoor 
occupations, 86% vs 75% lived in vil- 
lages, and 18% vs 11% were of low 
caste, respectively. 

Among the 90 matched pairs, 13.3% 
were aged 35 to 44 years, 5296 were 
aged 45 to 54 years, and 36% were 
aged 55 to 65 years. Thirty-five per- 
cent of matched case subjects had out- 
door occupations vs 25% of control 
subjects; approximately 80% of both 
lived in villages; and 11% vs 20%, 
respectively, belonged to a low caste. 


Matched Pairs Analysis 


In the subset of 90 matched pairs, 
the proportion of case subjects with a 
positive history of severe, life-threat- 
ening diarrhea was 11.1%, vs 13.3% 
among control subjects. The matched 
pairs OR,,,, for cataract, given a histo- 
ry of diarrhea, was 0.8 (95% confidence 
limits [CLs]: 0.8, 3.2) (Table 2). This 
analysis could detect an OR of 4.0 or 
greater with 80% statistical power 
with the given sample size. When pairs 
of subjects were stratified by age, sex, 
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Interview algorithm 
used to assess life- 
time history of se- 
vere illness, diar- 
rhea, and cholera 
(adapted from Min- 
assian et al"). 





and area of residence, OR estimates 
for cataract with diarrhea remained 
consistent with unity. 


Age-Stratified Analysis 


The proportion of all 181 case sub- 
jects with a positive history of severe, 
life-threatening diarrhea was 14.4%, 
vs 11.7% among all 240 control sub- 
jects. The unadjusted OR estimate 
was 1.3 (95% CLs: 0.7, 2.3). An OR of 
2.0 or greater was detectable with 80% 
power with this sample size. When 
subjects were stratified by age, the 
OR was 0.5 at the ages of 35 to 44 
years, 1.8 at the ages of 45 to 54 years, 
and 1.6 at the ages of 55 to 65 years. 
Ninety-five percent confidence inter- 
vals for all estimates included 1.0 (Ta- 
ble 3). The OR estimate of 1.8 for the 
group aged 45 to 54 years decreased to 
1.0 after adjustment for sex, occupa- 
tion, area of residence, and caste. 
When limiting the analysis to the ages 
of 40 to 59 years, where the distribu- 
tions of enrolled case subjects (n= 111) 
and control subjects (n=185) were 
more overlapped, the OR estimate was 
1.4 (95% CLs: 0.6, 2.9). 


Logistic Analysis 


Adjusted OR estimates for cataract 
(ie, case or control status) were gener- 
ated by multiple logistic regression for 
severe diarrhea plus each of five poten- 
tial risk factors (Table 4). A positive 
history of severe diarrhea was associ- 
ated with an OR of 1.3 (95% CLs: 0.6, 
2.7) relative to subjects with a nega- 
tive history. Advanced age expectedly 
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Table 1.—Age Distribution, All 
Subjects (n = 421), Tamil Nadu, 
India, 1987 











No. (96) 
—— nm ~~ 
Cases Controls 







Age Range, y 
















35-44 12 (6.6) 108 (45.0) 
45-54 66 (36.5) 96 (40.0) 
55-65 103 (56.9) 36 (15.0) 
35-65 181 (100) 240 (100) 












Table 2.—Risk of Cataract With 
Positive Life History of Severe 
Diarrhea, Matched Cases 
and Controls * 


Controls 
-_ om — 
Positive Negative 
History History Total 


Positive 
history 

Negative 
history 

Total 


"Cataract cases and controls matched for age 
(+2 years), sex, and area of residence (village, 
town). All entries are numbers of pairs of cases and 
controls. Odds ratio = 9/11 = 0.8(95% confidence 
limits: O, 3.2). 


increased the risk of cataract: seven- 
fold for those subjects aged 45 to 54 
years and 28-fold for those subjects 
aged 55 to 65 years, compared with the 
reference age group (35 to 45 years). 
Females were at a 2.8-fold higher risk 
of cataract than were males. Outdoor 
occupations (principally agricultural) 
were associated with a 2.1-fold in- 
creased risk of cataract, compared 
with indoor types of work (eg, shop- 
keeping, cottage industry, or factory 
work). Village dwellers had twice the 
risk of cataract of those who resided in 
towns. Low caste was unrelated to the 
risk of cataract (OR = 1.1). 


COMMENT 


Several analytic approaches were 
taken to test the cataract-diarrhea hy- 
pothesis. The matched pairs OR was 
0.8; the unadjusted OR for all 421 
subjects was 1.3, which remained un- 
changed when adjusted for age, sex, 
occupation, area of residence, and 
caste by logistic regression. These 
point estimates were close to 1.0, with 
95% confidence intervals overlapping 
1.0. Stratifying the analysis by age did 
not reveal a notable association be- 
tween severe diarrhea and cataract. 
The adjusted OR of 1.3 was considera- 
bly less than the ORs of 4.1 (noted in 
the Madhya Pradesh study”) and 3.0 
(noted in the Orissa study"). The up- 
per 95% confidence interval of our 
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Age Range, y Cases 


55-65 17/103 (16.5) 


* OR indicates odds ratio, CL, confidence limits. 


Table 4.—Adjusted OR for Risk of 
Cataract by Logistic Regression, 
All Subjects * 


Risk Factor OR 95% CL 


Diarrhea history 

(ref: negative history) 

Positive history 1.3 
Age range, y (ref: 35-44 y) 

45-54 6.6 

55-65 27.9 
Sex (ref: M) 

F 2.8 
Occupation (ref: indoor) 

Outdoor 2.1 
Dwelling (ref: town) 

Village 2.0 
Caste (ref: other) 

Low 1.1 


* Twenty-nine records with missing values ex- 
cluded for logistic analysis. OR indicates odds ratio: 
CL, confidence limits; and ref, reference. 


adjusted OR also excluded these high- 
er estimates, although the upper 
bound of the matched pairs OR (95% 
upper CL: 3.2) exceeded the estimate 
from the Orissa study." The statistical 
power of our matched pairs analysis 
was low; however, the crude and ad- 
justed analyses for all study subjects 
had sufficient power to detect an OR 
well below 3.0. The consistency of re- 
sults to different analytical approaches 
suggests that if there is an association 
between severe diarrhea and cataract 
in this southern Indian population, it 
must be slight. 

The India-US Case-Control Study of 
Age-Related Cataract also found no 
association between a history of severe 
diarrhea and cataract’; however, the 
definition of diarrhea was less strin- 
gent (“confinement to bed for one 
day") than the history of 3-day confine- 
ment due to severe illness used in the 
Madhya Pradesh," Orissa," and pres- 
ent studies. A nonconcurrent, prospec- 
tive study in the Matlab surveillance 
area of Bangladesh also reported no 
association between cataract, diag- 
nosed during a cross-sectional survey, 
and local hospital admission for cholera 
during a preceding 15-year period.” 

Several differences in study design 
may explain, in part, the lack of associ- 
ation that we report from Tamil Nadu, 


Table 3.—OR for Cataract With Positive Life History of Diarrhea, by Age, All Subjects* 


History of Diarrhea, 
No. (%) 
——————————————————— 


35-44 1/12 (8.3) 17/108 (15.7) 0. 4.0 
45-54 8/66 (12.1) 7/96 (7.3) 1.8 0.6, 5.1 


35-65 26/181 (14.4) 28/240 (11.7) 1 














Controls OR 95% CL 
5 O, 





4/36 (11.1) * 


6 0.5, 5.1 
3 


0.7, 2.3 












compared with the strong association 
reported from the Madhya Pradesh” 
and Orissa" studies. The previous hos- 
pital- and clinic-based studies, re- 
spectively, may have enrolled less 
healthy, more susceptible patients 
with cataract than those typically reg- 
istered by community screening pro- 
grams. To minimize the potential for 
selection bias, the present study was 
conducted in village-based cataract- 
screening camps, rather than in hospi- 
tals or clinics, to increase the probabili- 
ty that selected control subjects were 
as similar to case subjects (also drawn 
from these same communities) as pos- 
sible. Both interviewers and subjects 
were masked to the purpose of the 
study questions, and as in the Madhya 
Pradesh" and Orissa" studies, every 
attempt was made to mask interview- 
ers to the case status of subjects (al- 
though the poor visual acuity of case 
subjects probably affected the success 
of this control procedure). Possible re- 
call bias of past exposure was mini- 
mized by emphasizing the life-threat- 
ening nature of the diarrheal episode, 
following the standardized algorithm 
used in the Madhya Pradesh study.” 

The criterion required to be a case 
subject in this study was visual acuity 
worse than or equal to 6/60, compared 
with 6/18 or worse in the Madhya 
Pradesh" and Orissa" studies. By in- 
creasing the severity of visual loss 
from cataract required for case status, 
we strove to make it easier to detect 
any real influence of severe diarrhea 
on cataract formation. 

It is unlikely that variation in differ- 
ential recall between case and control 
subjects could account for the marked 
differences in the diarrhea-cataract as- 
sociation found in the Madhya Pra- 
desh” and Orissa" studies, compared 
with that in this study. First, the 
proportion of control subjects with a 
positive history of severe diarrhea in 
this study (1296) was similar to that 
reported in the first study in Madhya 
Pradesh (17.5%), although both of 
these rates are markedly lower than 
that reported in the Orissa study 
(32%)."" Second, we used the same 
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standardized questionnaire (excluding 
heat stroke) as did the Madhya Pra- 
desh study." Whether the disparate 
results are secondary to differences in 
selection of case and control subjects, 
or represent real differences in diar- 
rheal impact on cataract formation in 
the different cultures and climates, 
remains uncertain. However, these 
findings suggest that occasional, se- 
vere dehydrating diarrhea is not mea- 
surably an important risk factor for 
cataract. 

Other factors associated with cata- 
ract were noted. People with outdoor 
occupations had twice the risk of cata- 
ract formation of those with indoor 
occupations. Subjects with outdoor oc- 
cupations are likely to have had great- 
er exposure to UV radiation, which, in 
other studies, has been linked to an 
increased risk of cortical,"" post- 
erior subcapsular,” and unspecified" 
cataract. 

Living in more rural areas was also 
found to be significantly associated 
with cataract. Villagers had twice the 
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risk of cataract of townspeople. An 
earlier survey conducted by the Indian 
Council for Medical Research similarly 
found the incidence of cataract in the 
rural population to be twice that of the 
urban population.” 

Females were nearly three times 
more likely to have cataract as were 
males. This finding was consistent 
with data from the Punjab study in 
India* and from the Matlab study in 
Bangladesh.” In the US Model Report- 
ing Area, women older than 65 years 
had higher rates of blindness due 
to cataract than did men.” In the 
Framingham Eye Study, senile lens 
changes were also more common in 
women: 63% of women aged 52 to 85 
years vs 54% of men of the same age 
range had such changes." In both the 
US Health and Nutrition Examination 
Survey! and the Nepal Blindness Sur- 
vey, females were found to have high- 
er rates of lens opacities and senile 
lens changes than were males. 

In conclusion, this study found little 
evidence for an association between 
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remembered episodes of severe, life- 
threatening diarrhea and the risk of 
cataract. This lack of association was 
found consistently, regardless of the 
analytic method used. Given the bio- 
logical plausibility of the dehydration, 
cataract hypothesis from laboratory 
studies, "^" and the potential public 
health importance of this relation- 
ship, ^" more studies need to be done 
to clarify the association between se- 
vere diarrhea and cataract. Prospec- 
tive studies that investigate the cumu- 
lative effect of milder, chronic diarrhea 
in cataractogenesis may help to clarify 
this risk association. 
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This year's conference, Caring for the 
Caregiver, will address a range of issues 
relative to physician health, including aging, 
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provision of training workshops, this 
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Please join the AMA, CMA, and 
Federation for this exciting and 
innovative conference, which: 


* Gives participants an opportunity to hear 
of the latest developments in this 
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e Provides opportunity to learn skills 
necessary for conducting research in 
various areas of physician health 
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programs and their relative values 
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- State-of-the-art research 
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For more information regarding registration 
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A message from the marketplace—The message is loud and 
clear—more ophthalmic surgeons than ever before are now 
choosing the practical advantages of MIOSTAT?” Why? 
Because MIOSTAT solution is supported by an ever-growing 
body of scientific documentation and because it truly 
delivers on its pledge of efficacy and safety. 


A message of clinical efficacy—MIOSTAT solution constricts 
pupils for up to 24 hours after surgery...generally reversible 
if less miosis is needed. That's full-day, quick-onset 
protection with little or no ocular disturbance due to 
premature mydriasis. 


A message of proven safety—Stable pH...compatible osmolality. 
The only intraocular miotic agent with a BSS* sterile 
irrigating solution delivery system. Nontoxic to delicate 
intraocular tissues. Protects against iris incarceration and 
helps to stabilize IOLs. 
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Corneal clouding, persistent bullous ker- 
atopathy, and postoperative iritis following 
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MIOSTAT® 
(CARBACHOL) 
0.01% INTRAOCULAR SOLUTION 


DESCRIPTION: MIOSTAT® ( Carbachol 0.0196 ) is a sterile 
balanced salt solution of carbachol for intraocular injection. 
The active ingredient is represented by the chemical 
structure: 
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Established name: 
Carbachol 

Chemical name: 
Ethanaminium, 
2-|(aminocarbonyl) oxy J- 
N,N,N-trimethyl-, chloride. 


Each mL contains: Active: Carbachol 0.01%. Inactive: 
Sodium Chloride 0.64%, Potassium Chloride 0.075%, 
Calcium Chloride Dihydrate 0.048%, Magnesium Chloride 
Hexahydrate 0.0396, Sodium Acetate Trihydrate 0.39%, 
Sodium Citrate Dihydrate 0.1796, Sodium Hydroxide and/or 
Hydrochloric Acid (to adjust pH ) and Water for Injection. 
DM-01 
CLINICAL PHARMACOLOGY: Carbachol is a potent 
cholinergic (parasympathomimetic ) agent. 
INDICATIONS AND USAGE: Intraocular use for miosis 
during surgery. 
CONTRAINDICATIONS: Should not be used in those 
persons showing hypersensitivity to any of the components 
of this preparation. 
WARNINGS: For single-dose intraocular use only. Discard 
unused portion. Intraocular carbachol 0.01% should be used 
with caution in patients with acute cardiac failure; bronchial 
asthma, peptic ulcer, hyperthyroidism, G.I. spasm, urinary 
tract obstruction and Parkinson's disease. 
ADVERSE REACTIONS: Side effects such as flushing, 
sweating, epigastric distress, abdominal cramps, tightness 
in urinary bladder, and headache have been reported after 
systemic or topical use of carbachol. These symptoms were 
not reported following intraocular use of carbachol 0.0196 in 
pre-marketing studies. 
Corneal clouding, persistent bullous keratopathy and post- 
operative iritis following cataract extraction with utilization 
of intraocular carbachol have been reported in an occasional 
patient. As with all miotics, retinal detachment has been 
reported when miotics are used in certain susceptible 
individuals. 
OVERDOSAGE: Atropine should be administered 
parenterally (for dosage refer to Goodman & Gilman or 
other pharmacology reference ). 


DOSAGE AND ADMINISTRATION: Ascptically remove the 
sterile vial from the blister package by peeling the backing 
paper and dropping the vial onto a sterile tray. Withdraw the 
contents into a dry sterile syringe, and replace the needle 
with an atraumatic cannula prior to intraocular irrigation. 
No more than one-half milliliter should be gently 
instilled into the anterior chamber for the production of 
satisfactory miosis. It may be instilled before or after 
securing sutures. Miosis is usually maximal within two to five 
minutes after application. 

HOW SUPPLIED: In 1.5 mL sterile glass vials packaged 
twelve to a carton. NDC 0065-0023-15 


STORAGE: Store at controlled room temperature 15°-30°C 
(59°-86°F). 

CAUTION: Federal (USA) law prohibits dispensing without 
prescription. 
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Locum Tenens is, literally, someone 
who holds another's place while they 
pursue other objectives. Sort of a 
deputy to keep the office running 
smoothly. Someone who can give 
today’s physicians the opportunity 
they need in their careers for time 
away from their practices for contin- 
uing education or personal reasons. 













If you need a physician to give your 
career some flexibility, or you are a 
physician looking for a short-term 
assignment, the American Medical 
Association’s Physicians Career 
Resource can help you with a pro- 
fessional Locum Tenens Service. 










Locum Tenens are handled as part of 
the Physicians Placement Service. 
That means listings in the respected 
Opportunity Placement Register, and 
access to computerized CVs of physi- 
cians actively seeking short-term 
practice opportunities. 












It’s easy to register either as an 
employer or locum tenens physician. 
For more information and a registra- 
tion questionnaire, call or write: 
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American Medical Association 
P.O. Box 10012 
Chicago, IL 60610 
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Ocular Effects of the Endothelins 


Abundant Peptides in the Eye 


Mathew W. MacCumber, MD, PhD; Henry D. Jampel, MD; Solomon H. Snyder, MD 


e Endothelins (ETs) are a family of 
potent vasoactive peptides present in the 
eye. In the rabbit eye, both ET-1 and ET-3 
are present in high concentrations in the 
iris and ciliary body and in lower concen- 
trations elsewhere. Forty-eight hours af- 
ter injection of 2.5 pg of ET-1 and ET-3 
into the anterior vitreous of conscious 
rabbits, intraocular pressure was re- 
duced by 43% and 45%, respectively, and 
did not return to normal for at least 5 
days. The decrease in intraocular pres- 
sure was not due to increased aqueous 
outflow and was not prevented by pre- 
treatment with indomethacin. Injection of 
either ET-1 or ET-3 (2.5 to 10 ug) into the 
anterior chamber or posterior vitreous 
cavity resulted in marked vasoconstric- 
tion, which was initiated within seconds 
and persisted for greater than 4 hours. 
Both endothelins potently constricted 
the pupil when added to freshly excised 
rabbit anterior segments. Endothelins 
are therefore potential participants in the 
local regulation of intraocular pressure, 
ocular blood vessel tone, and iris smooth 
muscle tone and may be important medi- 
ators in ocular pathologic conditions. 
Endothelins at pharmacologic doses 
may be useful in the control of intraocu- 
lar pressure or blood flow. 
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he endothelins (ETs), a recently 

discovered family of peptides, are 
among the most potent known vaso- 
constrictors.’ Endothelin-1 was first 
purified from the conditioned media of 
vascular endothelial cells; other ET 
species have since been identified." In 
the rat, the levels of messenger RNA 
for ET in the iris are among the high- 
est of any tissue. Dense binding sites 
for ET are also present in the iris, 
retina, and choroid.’ Furthermore, ET 
is synthesized by cultured human reti- 
nal microvascular endothelial cells, 
and cultured pericytes both possess 
ET binding sites" and contract in re- 
sponse to ET.’ 

In this study, we demonstrated the 
presence of immunoreactive ET-1 and 
ET-3 in the rabbit eye. To investigate 
the pharmacologic use as well as the 
physiologic role of ET in the eye, we 
studied the effect of exogenously ap- 
plied ET on intraocular pressure 
(IOP), pupil size and reactivity, and 
blood vessel tone. 


MATERIALS AND METHODS 
Reagents 


The ET-1 and ET-3 were purchased com- 
mercially (Peptides International Inc, Lou- 
isville, Ky). 


Animals 


Albino rabbits of either sex weighing 2 to 
3 kg were used. All procedures were ap- 
proved by the institutional animal care com- 
mittee and were in accordance with the 
Association for Research in Vision and Oph- 
thalmology resolution on the use of animals 
in research. The anesthesia used for each 
experiment is described below. Animals 
were killed with an overdose of intravenous 
pentobarbital sodium. 


Localization and Quantification 
of ET in the Rabbit Eye 


Eyes were enucleated immediately after 
the rabbits were killed. Ocular tissues were 
carefully dissected, homogenized with a 
mixer (Polytron, Brinkmann Instruments, 
Westbury, NY) for 60 seconds in 10 vol- 
umes of 1-mol/L acetic acid, and immediate- 
ly boiled for 10 minutes to inactivate prote- 
ases.” The samples of retina and choroid 
contained some overlying vitreous. After 
chilling, the homogenates were centrifuged 
at 10000 rpm for 10 minutes, and the 
supernatants were stored at — 20°C. Super- 
natant samples were thawed, and 0.1 to 0.2 
g of wet-weight equivalent was loaded onto 
cartridges (Sep-Pak C-18; Waters/Millipore 
Corp, Milford, Mass) that had been equili- 
brated with 1-mol/L acetic acid. The ab- 
sorbed materials were eluted with 3 mL of 
60% acetonitrile in 0.1% trifluoroacetic acid 
and evaporated in vacuum to dryness. The 
residual materials were dissolved in radio- 
immunoassay (RIA) buffer. The immunore- 
active ET content in the samples was mea- 
sured with commercially available RIA kits 
for ET-1 and ET-3 (Peninsula Inc, Belmont, 
Calif). In our laboratory, the ET-1 RIA is 
10% to 15% cross-reactive with ET-3, 
whereas the ET-3 RIA is less than 1% 
cross-reactive with ET-1 (data not shown). 
In some cases, the iodine 125-labeled ET 
peptides in the RIA kits were supplement- 
ed with other “I-labeled ET peptides 
(NEN/Dupont, Billerica, Mass). These 
RIAs show no cross-reactivity with other 
known bioactive peptides, as reported in 
the manufacturer's literature and partially 
reproduced in our laboratory (data not 
shown). 


Anterior Vitreous Injections 


These studies were performed in con- 
scious rabbits, restrained in rabbit bags, 
with the use of only topical proparacaine 
hydrochloride for anesthesia. Anterior in- 
travitreal injections of 2.5 pg of either ET-1 
or ET-3 in 10 uL of sterile balanced salt 
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Table 1.—Immunoreactive Endothelin (ET) Levels in the Rabbit Eye 
Mean + SEM 
tie 






ET-1,* 
pg/mg of Protein 
Iris and ciliary body (n = 6) 60 + 10 
Retina and choroid (n — 5) 10 + 0 80 + 20 
Cornea (n = 3) <1 2D + 10 

* Data were derived from ET-1 and ET-3 standard curves exactly as described in the literature supplied with 
the radioimmunoassay kits (Peninsula Inc, Belmont, Calif). Values for ET-1 are overestimates, since the anti- 


ET-1 antibodies used were 10% to 15% cross-reactive for ET-3. Values for ET- 1 may also include ET-2, which 
has yet to be demonstrated in vivo. 


ET-3, 
/ mg of Protein 
140 + 40 






Pg 
















Change in Intraocular Pressure, % 
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Days After Injection 


Fig 1.—Change in intraocular pressure after intravitreal injection of 2.5 .g Of endothelin (ET)-1 
(solid line) and ET-3 (broken line). Data are presented as the mean + SEM. Intraocular pressure 
at the 0 time point was the mean of measurements 1 hour before and immediately before the ET 


injections. 


solution (BSS) (Alcon, Fort Worth, Tex) 
were administered by means of a 30-gauge 
needle on a 50-wL syringe with an adaptor 
(Chaney; Hamilton, Reno, Nev).” 

The IOP was measured 1 hour before and 
again immediately before ET injection. All 
rabbits received an injection of ET in one 
eye and an equal volume of BSS in the other 
eye in masked fashion (n=9 for ET-1; n=5 
for ET-3). The IOP was measured by means 
of a pneumatonometer (Digilab; Biorad, 
Ophthalmic Division, Cambridge, Mass) af- 
ter administration of topical 0.5% propara- 
caine hydrochloride anesthesia. 

Pupillary diameter and response were 
measured with the use of a penlight 5 em 
from the cornea in normal room light. 

For measurement of outflow facility, 48 
hours after intravitreal injection of ET-1 or 
ET-3, when the IOP-lowering effect was 
maximal for ET-1 and near maximal for ET- 
3, rabbits were anesthetized with intramus- 
cular ketamine hydrochloride (25 mg/kg) 
and xylazine hydrochloride (5 mg/kg). Rab- 
bits had received BSS in the contralateral 
eye at the time of ET injections. Outflow 
facility was determined during a 4-minute 
period by means of a pneumatonometer 
with tonographie capability. 

With the animals under ketamine and 
xylazine anesthesia, after tonography and 
immediately before kiling, aqueous sam- 
ples of approximately 100 uL were removed 
through the peripheral cornea with a 
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21-gauge needle on a tuberculin syringe for 
aqueous protein content determination. 
Samples were stored at — 20°C until protein 
concentration was determined (BCA meth- 
od; Pierce, Rockford, Ill) with bovine serum 
albumin as the standard. 

In one experiment, rabbits received in- 
traperitoneal injections of 20 to 30 mg/kg of 
indomethacin (Sigma Chemical Co, St Lou- 
is, Mo) (40 mg/mL in 1 mol/L sodium car- 
bonate) 1 to 2 hours before intravitreal 
injection of ET, to block prostaglandin syn- 
thesis.*”” 

After killing, eyes were enucleated and 
fixed in 2% glutaraldehyde and 2.5% para- 
formaldehyde for at least 48 hours. The 
anterior segments were then removed at 
the pars plana. and examined under a dis- 
secting microscope. 


Effect on Blood Vessels 


Rabbits were anesthetized with ketamine 
and xylazine as above. In five eyes of three 
rabbits, 10 uL of BSS containing 10 pg of 
ET-1 or ET-3 was injected into the posteri- 
or vitreous over the preretinal vessels. 
Injections were performed under an operat- 
ing microscope, with the use of a 10-uL 
Hamilton syringe with a blunt-ended nee- 
die, after a pars plana entry hole had been 
made with a 20-gauge needle. Photographs 
were taken through the operating micro- 
scope (Zeiss). 

In five rabbits (three eyes for each pep- 


tide), anterior chamber injections of 2.5 ug 
of ET-1 or ET-3 were performed through 
the cornea 1 mm anterior to the limbus with 
a 10-uL Hamilton syringe after an entry 
hole had been made with a 15? super-sharp 
blade (Weck, Research Triangle Park, NC). 
The remaining four eyes received control 
BSS injections. Photographs were taken at 
the slit lamp. 


Measurement of ET Effect on 
Pupil Size In Vitro 


Eyes were enucleated immediately after 
the rabbits were killed. The anterior seg- 
ments were removed at the pars plana 
and placed in 60-mm Petri dishes contain- 
ing buffer (124-mmol/L sodium chloride/ 
5-mmol/L potassium chloride/1.3-mmolL 
potassium phosphate | (monobasic)/1.0- 
mmol/L calcium chloride/1.20-mmol/L mag- 
nesium chloride/10 - mmol/L glucose/20 - 
mmol/L Hepes; pH, 7.4) gassed with 100% 
oxygen. The zonules were severed and the 
lenses removed. Petri dishes were placed 
over graph paper on the stage of a dissect- 
ing mieroscope with a camera side arm. 
Oxygenated buffers containing various con- 
centrations of drugs were rapidly ex- 
changed at 5-minute intervals, and pupil 
size was documented photographieally. Pu- 
pillary area was determined by measuring 
the area of graph paper visible through the 
pupil. 


RESULTS 
Localization of ET 


Endothelin-1- and ET-3-like immu- 
noreactivity was highest in the iris and 
ciliary body, lower in the choroid and 
retina, and lowest in the cornea (Table 
1). In all areas examined, the concen- 
tration of ET-3 exceeded that of ET-1 
(by twofold in the iris and ciliary body, 
fivefold in the retina and choroid, and 
20-fold in the cornea). 


Effect of ET Injection Into 
the Anterior Vitreous 


In masked fashion, 2.5 ug of either 
ET-1 or ET-3 in 10 uL of BSS was 
injected into the anterior vitreous of 
one eye of conscious rabbits while the 
other eye received an injection of 10 
uL of BSS alone. Six hours later, the 
IOP was 30% 2396 (5+1 mm Hg) low- 
er in the ET-1-treated eyes than in the 
fellow eye and 38% +8% (9+2 mm Hg) 
lower in the ET-3-treated eye than in 
the fellow eye (Fig 1). Maximum re- 
duction in IOP was observed 24 hours 
after injection for ET-3 (5096-496 or 
13-1 mm Hg) and 48 hours after 
injection for ET-1 (4396 — 1096 or 9+1 
mm Hg). The duration of IOP reduc- 
tion was between 7 and 14 days for 
E/T-1 and between 5 and 7 days for 
ET-3. 

From 6 hours to 7 days after intra- 
vitreal injection, the pupil in the 
ET-1-treated eye was 1 to 2 mm larger 
in diameter than in the control eyes in 
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Table 2.—Outflow Facility in Control 
and Endothelin (ET)-Injected Rabbit 
Eyes 


C Value" 
Treatment (Mean + SEM) 


Control 0.12 + 0.02 
ET-1 0.14 + 0.03t 
Control 0.20 + 0.04 
ET-3 0.11 + 0.044 


*As determined by pneumatonometer (Digilab; 
Biorad, Ophthalmic Division, Cambridge, Mass). Four 
rabbits were analyzed in both the ET-1 and ET-3 
groups, each receiving the ET peptide in one eye and 
control injection in the other. C values were not sig- 
nificantly different in either group. 

tP = .60. 

iP = .16. 


Aqueous Protein, mg/mL 


C ET-1 C 


ET-3 
Fig 2. — The level of aqueous protein 48 hours 
after endothelin (ET)-1, ET-3, or control (C) 
intravitreal injections. The control values are 
plotted to the left of the respective ET values. 
Each point represents a different rabbit eye. 


normal room light and was nonreactive 
to light. From 6 to 48 hours after 
intravitreal injection, the pupil in the 
ET-3-treated eye was 1 to 2 mm small- 
er than in the control eyes in normal 
room light and reacted briskly to light. 
The time course of the pupillary effects 
generally paralleled the reduction in 
IOP, eg, when IOP returned to normal 
in the ET-1-treated eyes, the pupils 
again became briskly reactive to light 
and normal in size. 


Pneumatonographie analysis was 
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performed 48 hours after injection in 
some animals to determine if the IOP- 
lowering effect of the ET peptides was 
due to an increase in outflow facility. C 
values were not significantly increased 
compared with values in the BSS-in- 
jected fellow eye (Table 2). 

Six hours after injection of either 
peptide, the iris characteristically had 
a central or crescent-shaped sector of 
blanching (presumably vasoconstric- 
tion) on slit-lamp examination. The re- 
mainder of the iris in ET-1-treated 
eyes was hyperemic (n=9) and was 
normal in eyes receiving ET-3 (n=5). 
At 1 day, however, the iris and con- 
junctiva were markedly hyperemic in 
both the ET-1- and ET-3-treated eyes 
compared with the  vehicle-treated 
eyes. No cells were detected in the 
anterior chamber. Flare varied from 
none to marked and generally correlat- 
ed with aqueous humor protein concen- 
tration (see below) The hyperemia 
observed at 2 days was similar to that 
seen at 1 day in the ET-1-treated eyes 
but had decreased to minimal to mod- 
erate in the ET-3-treated eyes. By 5 
days, the hyperemia in the ET- 
]-treated eyes was minimal, and the 
ET-3-treated eyes appeared normal. 

Aqueous humor protein concentra- 
tions were elevated in six (75%) of 
eight eyes 48 hours after ET-1 injec- 
tion and in two (40%) of five eyes 48 
hours after ET-3 injection (Fig 2). 
Protein levels were elevated in only 
one of 13 eyes that received BSS. 
Aqueous humor protein concentration 
in the  ET-I-treated eyes was 
19.1+8.8 mg/mL compared with 
2.8+0.6 mg/mL in the contralateral 
eyes. In the ET-3-treated eyes, pro- 
tein concentration was 6.9+2.4 
mg/mL compared with 4.4+1.8 
mg/mL in the contralateral eyes. The 
elevation in aqueous protein level gen- 
erally paralleled the degree of iris and 
conjunctival hyperemia. However, for 
both peptides, all ET-injected eyes 
demonstrated marked reductions in 
IOP regardless of whether the aqueous 
humor protein concentration was ele- 
vated. 

In four of five rabbits killed 48 hours 
after injection, the ciliary body vessels 
were markedly constricted in ET-1-in- 
jected eyes in comparison with the 
BSS-injected fellow eyes on pathologic 
examination. In five rabbits there was 
no apparent difference in the ciliary 
body vasculature between ET-3-in- 
jected eyes and the BSS-injected con- 
trol eye. Two weeks after injection, all 
ET and control eyes appeared normal 
(data not shown). 

Indomethacin pretreatment did not 
affect the extent of IOP reduction by 


either peptide. In four animals that 
received indomethacin before intravit- 
real injection of ET-1, the IOP was 
4896-1696 lower at 6 hours and 
58% + 1096 lower at 24 hours compared 
with the fellow, BSS-injected eye. In 
four animals that received indometha- 
ein before intravitreal injection of ET- 
3, the IOP was 36%+7% lower at 6 
hours and 49% + 13% lower at 24 hours 
compared with the fellow, BSS-inject- 
ed eye. Pupillary effects were also 
unchanged relative to rabbits that did 
not receive indomethacin. Indometha- 
cin pretreatment reduced but did not 
abolish ET-induced conjunctival and 
iridial hyperemia 6 and 24 hours after 
injection. After indomethacin pretreat- 
ment, aqueous humor protein concen- 
tration was elevated (>10 mg/mL) in 
only one of four ET-1-treated eyes at 1 
day. Aqueous humor protein concen- 
tration was 3.0+0.5 mg/mL in the 
other three ET-1-treated eyes and 
2.5+0.9 mg/mL in the contralateral 
BSS-treated eyes (P=.68). None of 
the four ET-3-treated eyes in indo- 
methacin-pretreated rabbits had ele- 
vated aqueous humor protein concen- 
trations, compared with the fellow 
BSS-treated eyes (2.1 0.2 mg/mL for 
ET-3; 2.5+0.5 mg/mL for BSS; 
P=.49). 


Endothelin-Induced Vasoconstriction 


When 2.5 yg of either ET-1 or E'T-3 
in 10 pL of BSS was applied directly 
over the iris, instead of intravitreally, 
both ET-1 and ET-3 caused marked 
blanching of the iris vessels (n=3 for 
each peptide; Fig 3). Blanching due to 
ET-1 tended to involve the iris diffuse- 
ly, whereas ET-3-induced blanching 
was more localized to the pupillary 
margin. Maximal blanching was ob- 
served within 5 minutes of ET injec- 
tion, lasted at least 4 hours, and was 
undetectable 24 hours later. 

Injection of 10 pg of ET-1 (three 
eyes) or ET-3 (two eyes) into the pos- 
terior vitreous resulted in vasocon- 
striction of both the preretinal arter- 
ioles and venules. The effect was 
especially marked when the peptide 
was injected over the optic nerve head 
(Fig 4). Vasoconstriction was evident 
within 30 seconds, became maximal by 
5 minutes, persisted for at least 4 
hours, and was undetectable by 24 
hours. Injection of 10 uL of BSS had 
no effect. 


Pupillary Effects In Vitro 


Both ET-1 and ET-3 potently caused 
pupillary constriction within seconds 
after application to freshly excised rab- 
bit anterior segments. The dose caus- 
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ET-3 was similar, although not as marked. 


ing a 50% decrease in area was 15 to 30 
nmol/L for both ET-1 and ET-3 (Fig 
5), which is similar to that previously 
reported for substance P." At 500 
nmol/L, both peptides constricted the 
pupil to 15% to 20% of its pretreatment 


area, the same level achieved by 
l-mmol/L methacholine (data not 
shown). 

COMMENT 


This study demonstrates that both 
ET-1 and ET-3 are abundant in the 
rabbit eye. Immunoreactive ET-3 is 
present at higher levels than immuno- 
reactive ET-1 in all areas studied and 
is most concentrated in the iris and 
ciliary body, which is consistent with 
previous data in the rat eye.’ The 
concentration of ET-3 in the rabbit iris 
and ciliary body is greater than that 
previously reported for any rat tis- 
sue." The sources of the ET peptide 
present in the eye have not been defin- 
itively determined. The presence of 
ET messenger RNA in the rat uveal 
tract’ suggests that at least some ET is 
synthesized there by vascular endothe- 
lial cells. However, the demonstration 
of both ET messenger RNA and ET 
peptide within neurons"" raises the 
possibility that some of the ET within 
the eye may be synthesized in neuronal 
ganglia and transported to nerve end- 
ings within the eye. 

Biologie effects of exogenously ap- 
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Fig 3.—Endothelin (ET)-1 injection into aqueous of the rabbit eye. 
Photographs were taken by transillumination at slit-lamp examination 
of an anesthetized rabbit 5 minutes after administration of balanced 
salt solution in the left eye (A) and balanced salt solution plus ET-1 in 
the right eye (B). The iris in control eyes characteristically became 
hyperemic, whereas in ET-1-treated eyes it became markedly pale. 
The marked blanching of the iris vessels makes the ciliary processes 
on the back surface of the iris more visible. The experiment was 
repeated three times, with similar results. The response to injection of 







Fig 4.—Endothelin (ET)-1 injection into the posterior vitreous of the 
rabbit eye. A, Before injection. B, Fifteen seconds after injection, the 
arterioles and venules have begun to constrict. Five minutes (C) and 
20 minutes (D) after injection, the vessels over the optic disc are not 
visible due to vasoconstriction. 


plied ET suggest pharmacologic uses 
as well as possible physiologic roles for 
these peptides. It should be kept in 
mind, however, that our experiments 
are only suggestive, since the effective 
concentrations as well as the biologic 
behavior of ET peptides could differ 
significantly among species. 

Both ET-1 and ET-3 markedly re- 
duce IOP in conscious rabbits for a 
prolonged period after intravitreal in- 
jection. The mechanism of action of ET 
in lowering IOP remains to be deter- 
mined, although the tonographie data 
demonstrate that the mechanism is not 
increased facility of outflow. Since in- 
domethacin does not prevent the IOP- 
lowering effect, it is unlikely that the 
primary mechanism is a prostaglandin- 
mediated increase in uveoscleral out- 
flow." Decreased production of aque- 
ous humor is the most likely 
mechanism of action. Decreased aque- 
ous humor production could be the 
result of decreased blood flow to the 
ciliary body, as suggested for ET-1 by 
gross pathologic findings, or decreased 
funetion of the aqueous humor secre- 
tory mechanism. Both ET-1 and ET-3 
receptor binding sites are dense within 
the rabbit ciliary body (M.W.M. and 
S.H.S., unpublished data, 1990) and 
could therefore mediate these 
responses. 

The time course of the IOP-lowering 
effect of the ET peptides is not without 
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Fig 5.—Quantitation of endothelin (ET)—1 
(solid line) and ET-3 (broken line) constriction 
of rabbit pupils in vitro. Area was approximat- 
ed from grid area within the pupil of isolated 
anterior segments (see the "Materials and 
Methods" section). Data are the mean + SEM 
of triplicate measurements. 


precedent. Other substances, including 
atrial natriuretic peptide," 12(R)-hy- 
droxyeicosatetraenoic acid," and de- 
meclocycline,’ can also lower IOP for a 
similarly prolonged time. The mecha- 
nism by which ET achieves its long- 
lasting effect may be in part related to 
its gradual diffusion from the vitreous 
or the slow dissociation rate of its 
receptors." Additionally, ET-induced 
release of atrial natriuretic peptide, as 
occurs in the cardiac right atrium,” 
could participate in the extended re- 
duction in IOP. 


Ocular Effects of Endothelins — MacCumber et al 


Although the injection of ET results 
in an increase in aqueous humor pro- 
tein concentration in many eyes, the 
observation that in some eyes the IOP- 
lowering effect is not associated with 
increased aqueous humor protein level 
(especially in indomethacin-pretreated 
eyes) demonstrates that blood-aqueous 
barrier breakdown is not necessary for 
the IOP-lowering effect. 

Both ET peptides markedly con- 
stricted iris vessels and preretinal ves- 
sels, suggesting a role for these pep- 
tides in the normal regulation of 
vascular tone. Phenylephrine" and an- 
giotensin II" also cause constriction of 
retinal vessels. Endothelin-1 has been 
shown previously to constrict cerebral 
and femoral blood vessels when ap- 
plied to their adventitial side. ^^ In the 
iris, the vasoconstrictive effects are 
greater for ET-1 than for ET-3, which 
may reflect a preponderance of ET-1 
selective binding sites associated with 
blood vessels. The abundance of ET in 
the anterior segment could in part 
explain the clinical observation that 
the iris, under normal circumstances, 
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does not bleed when incised. More- 
over, the concentrations of ET present 
within the eye could contribute to va- 
soconstriction in ocular diseases, such 
as diabetes, that are characterized by 
ischemia. 

The ET peptides affect pupillary size 
and reaction to light, but the effect 
varies, depending on whether ET-1 or 
ET-3 is applied and whether the ETs 
are applied in vivo or in vitro. In vivo, 
ET-1 causes pupillary dilation with in- 
hibition of the light response, while 
ET-3 causes pupillary constriction 
with preservation of the light re- 
sponse. In vitro, on the other hand, 
both ETs act directly on the iris 
sphincter to constrict the pupil. These 
discrepancies could be explained by 
the observation that the pupillary 
sphincter does not constrict when isch- 
emic.” In vivo, ET-1 (the more potent 
vasoconstrictor) might cause pupillary 
sphincter ischemia, preventing con- 
striction, whereas ET-3 (a less potent 
vasoconstrictor) would not. We have 
found two receptor binding sites in the 
iris (M.W.M. and S.H.8., unpublished 
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data, 1990), one that has similar affini- 
ty for ET-1 and ET-3 (which may 
preferentially be on the pupillary 
sphincter) and another that has much 
higher affinity for ET-1 than ET-3 
(which may preferentially be on vascu- 
lar smooth muscle) Recently, cDNAs 
have been cloded encoding two 
ET-specific receptors with this phar- 
macology."^ An alternative explana- 
tion for the differential ET-1 and ET-3 
effects is that ET-1, but not ET-3, 
could block parasympathetic neuro- 
transmitter release." 
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Photorefractive Keratectomy to Create Toric 


Ablations for Correction of Astigmatism 


Peter J. McDonnell, MD; Hamilton Moreira, MD; J enny Garbus; Terrance N. Clapham; John D’Arcy; Charles R. Munnerlyn, PhD 


e Excimer laser photorefractive kera- 
tectomy, developed to perform radially 
symmetric ablations to correct myopic or 
hyperopic refractive errors, was used to 
create toric ablations designed to correct 
cylindrical errors. An expanding slit was 
created, with no refractive change in- 
tended parallel to the slit opening, and 
central flattening was induced in the me- 
ridian in which the slit was expanded. In 
polymethyl methacrylate blocks, the in- 
duced cylinder (as measured with a len- 
someter) agreed closely (r^—-.99) with 
the intended change, and in plastic cor- 
neas, induction of the cylinder could be 
demonstrated with computer-assisted to- 
pographic analysis. Adult pigmented 
rabbits underwent induction of toric ab- 
lations in two-diopter increments; mea- 
sured keratometric change correlated 
with desired change (r*=.87 at 3 weeks; 
r*—.89 at 12 weeks). Toric ablations with 
the excimer laser appear to represent a 
promising strategy for the correction of 
cylindrical errors that do not rely on 
creation of deep corneal incisions, exci- 
sions, or compression sutures. 

(Arch Ophthalmol. 1991;109:710-713) 


A stigmatism is a major problem lim- 

iting visual recovery after surgery 
(eg, cataract extraction, penetrating 
keratoplasty, and refractive surgical 
procedures such as radial kerato- 
tomy). Conventional surgery for this 
problem usually involves incisional 
procedures (relaxing incisions); the re- 
sults of such procedures tend to be 
relatively unpredictable, with large 
SDs reported in most series.'^ 
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Photorefractive keratectomy with 
the 193-nm excimer laser is currently 
under investigation as a means of flat- 
tening the central cornea to eliminate 
myopic refractive errors and excise 
superficial corneal opacities. In these 
procedures, radially symmetric sur- 
gery is performed with greater abla- 
tion depth centrally than peripherally 
(to correct myopia) or uniform ablation 
depth from center to periphery (to 
excise superficial opacities)."" Corneal 
astigmatism, however, requires a non- 
radially symmetric approach to tissue 
ablation, with selective flattening of 
the steep meridian or, alternatively, 
steepening of the flat meridian. We 
describe experimental verification of a 
technique for toric ablation of the su- 
perficial cornea. 


MATERIALS AND METHODS 


We used a 193-nm argon-fluoride excimer 
laser (Twenty-Twenty Excimer Laser, 
VISX Ine, Sunnyvale, Calif) To correct 
myopia, this laser uses a computer-con- 
trolled iris diaphragm to vary the diameter 
of the ablation beam to ablate more tissue 
centrally than peripherally, thereby flatten- 
ing the cornea. The laser software and 
hardware were modified for the experi- 
ments described herein to correct astigma- 
tism. The same large-diameter excimer 
beam is passed through a set of parallel 
blades. The separation between the blades 
is under computer control, and the resul- 
tant variable slit is used to control the laser 
delivery much as the iris diaphragm was 
used for myopic ablations. In the case of the 
slit, however, the cornea should be flat- 
tened only in the meridian perpendicular to 
the long axis of the slit (termed the me- 
chanical axis); no refractive change is in- 
tended along the mechanical axis (long axis 
of the slit). 

For example, if the mechanical axis is 
horizontal (180°), a flattening of the cornea 
will occur in the vertical (90°) meridian. 
Thus, this technique is designed to elimi- 
nate myopic astigmatism. The slit mecha- 
nism can be rotated, also under computer 
control, such that the mechanical axis can 
be aligned with the astigmatic axis of the 
patient (Fig 1). With this approach, a verti- 
cal “wall” equal to the astigmatic ablation 


depth would appear at the two ends of the 
resultant rectangular ablation, along the 
mechanical axis. For this reason, a “transi- 
tion zone” of 0.3 mm is generated at the 
ends of the slit to form a sigmoidal transi- 
tion between unoperated and ablated cor- 
nea (Fig 2). 

We performed toric ablations in poly- 
methyl methacrylate blocks, a routine pro- 
cedure used to verify refractive effect be- 
fore photorefractive keratectomy for 
myopia.” Three blocks underwent a simple 
myopic correction (—2.00 [D]) with no in- 
tended astigmatic change and cylindrical 
corrections in 2.00-D increments. The 
amount of induced cylinder was then mea- 
sured using a lensometer (AO 012603 Len- 
someter, American Optical Corp, Buffalo, 
NY) by two observers masked as to desired 
refractive change. Each examiner focused 
the reticle of the lensometer, then mea- 
sured each block once in sequence, and then 
again. 

Plastic spheres of known radius of curva- 
ture were placed within a special holder to 
facilitate centration and examined using the 
Corneal Modeling System (Computed Anat- 
omy, New York, NY). Central toric abla- 
tions were then performed on these balls, 
and the balls again were examined with the 
Corneal Modeling System to examine the 
induced astigmatism. 

The animals used in this study were 
maintained in animal care facilities fully 
accredited by the American Association of 
Laboratory Animal Science, and all studies 
were performed in accordance with the 
Association for Research in Vision and Oph- 
thalmology Resolution of the Use of Ani- 
mals in Research. Adult pigmented rabbits 
were anesthetized with intramuscular keta- 
mine and xylazine. Preoperative kerato- 
metry and computer-assisted topographic 
analysis were performed. The animals were 
then placed under the excimer laser, topical 
proparacaine was instilled, and the epitheli- 
um was removed with a blunt spatula. The 
eye was then fixated using a vacuum fixa- 
tion ring, and the area for treatment cen- 
tered by using the center of the entrance 
pupil. 

The computer was programmed to per- 
form radially symmetric ablations (myopic 
corrections) of 2, 4, 6, and 8 D (one eye at 
each measurement) for which no change in 
cylinder was intended or astigmatic abla- 
tions of 2, 4, 6, and 8 D (two eyes at each 
measurement). The desired refractive 
change was programmed into the computer 
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Fig 1.—Schematic illustration of the method 
of creating toric ablations by progressively 
widening separation of blades during the ab- 
lation. Variables that can be controlled in- 
clude depth of ablation, width of ablation 
zone, and orientation of the slit. 





Fig 2.—Schematic illustration of toric super- 
ficial ablation using a beam that begins as a 
narrow slit (mechanical axis perpendicular to 
the corneal meridian to be flattened) and wid- 
ens gradually to the ablation zone of 4.5 mm 
in diameter. A cross section of the ablation 
zone perpendicular to the mechanical axis 
shows a curved ablation profile with greater 
tissue ablation centrally than peripherally, 
flattening the cornea in this meridian (A). A 
cross section of the ablation zone parallel to 
the mechanical axis of the slit snows straight- 
edged ablation with 0.3-mm transition at the 
ends, with no intended refractive change in 
this meridian (B). 


in minus cylinder form (eg, plano 
—2.00 x 180°, designed to induce 2 D of 
flattening in the vertical meridian). The 
long axis of the cylindrical ablation (ie, the 
meridian in which no refractive change was 
intended) was marked with a subconjuncti- 
val injection of 0.05 mL of india ink. After 
surgery animals were treated with a combi- 
nation tobramycin-dexamethasone  oint- 
ment for 1 week. At 3 and 6 weeks after 
surgery, keratometry (Marco, Jacksonville, 
Fla) and computer-assisted topographic 
analysis were performed by the same ob- 
server masked as to desired refractive 
change. 
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Fig 3.— Plot of induced cylinder (as mea- 
sured with lensometer by two masked ob- 
servers each taking two measurements on 
three blocks for each point) vs the desired 
amount of cylinder (mean + SD). Data were 
fitted with the regression line. 
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Fig 4.—Plot of measured cylinder (kerato- 
metry) vs desired cylinder in adult pigmented 
rabbit corneas 3 weeks after excimer laser 
toric ablation. Data points were fitted with a 
regression line. 


Data Analysis 


For polymethacrylate blocks and rabbit 
corneas, the amount of cylinder measured 
with the lensometer (blocks) or kerato- 
meter (corneas) was plotted vs the desired 
induced cylinder, and the data points were 
fitted to a regression line using the method 
of least squares." 


RESULTS 


Toric Ablations in Polymethyl 
Methacrylate Blocks 


Measured refractive changes in po- 
lymethyl methacrylate blocks agreed 
closely with the desired change (Fig 3). 
Two experienced examiners, using the 
same lensometer to measure each 
block twice, found good agreement, 
with SDs of about 10% of the desired 
change. The end point of magnitude of 
induced cylindrical change tended to 
be somewhat indistinct, particularly at 
higher (6 D and greater) intended cor- 
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Fig 5.— Plot of measured cylinder (kerato- 
metry) vs desired cylinder in adult pigmented 
rabbit corneas 12 weeks after excimer laser 
toric ablation. Data points were fitted with a 
regression line. 


rections, as measured with the lenso- 
meter. The axis of the induced cylinder 
always measured within 5° of the de- 
sired axis. 
Toric Ablations in Spherical 
Plastic Simulated Corneas 


By careful centration, reproducible 
topographic maps were obtained be- 
fore surgery of simulated (polymethyl 
methacrylate) corneas, which showed 
no evidence of astigmatism (Color Fig 
1). Following toric ablations, figure- 
eight-shaped patterns of astigmatism 
were demonstrated (Color Fig 2). 
These agreed with the desired axis of 
change and demonstrated an increas- 
ing magnitude of induced change with 
increasing intended correction. These 
opaque corneas, however, could not be 
read with the lensometer to compare 
induced refractive change with desired 
change. 


Toric Ablations in Adult 
Pigmented Rabbits 


One animal died immediately after 
undergoing a 6-D toric ablation. By 
biomicroscopy, all but one of the re- 
maining rabbit corneas appeared ex- 
tremely clear at 3 and 6 weeks. One 
cornea, on which an 8-D toric ablation 
had been performed, developed a 
dense, irregular, superficial stromal 
scar, preventing postoperative study 
of this eye. Keratometry and comput- 
er-assisted topographic analysis were 
performed at both 3 and 6 weeks; in 
animals undergoing greater intended 
correction (6 and 8 D), keratometric 
and photokeratoscopic mires tended to 
be irregular at the earlier point, pre- 
venting a precise determination of in- 
duced change. 

The keratometric changes observed 
in rabbit corneas at 3 weeks are shown 
in Fig 4. Clear keratometrie end points 
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Color Fig 1.—Pair of computer-assisted topographic maps of poly- 
methyl methacrylate spherical simulated cornea demonstrates good 


reproducibility and lack of toricity. 





Color Fig 2.—Polymethyl methacrylate simulated cornea shown in 
Color Fig 1 after toric excimer laser ablation, with resulting induction of 


cylinder in the horizontal meridian. 


were determined for five corneas that 
underwent spherical myopic ablations, 
two corneas that underwent 2- and 4-D 
cylindrical corrections, one of the two 
corneas that underwent 6-D toric abla- 
tions (one animal died), and neither of 
two corneas that underwent 8-D toric 
ablations. Corneas that underwent 
spherical ablations for myopia had a 
mean cylinder of 0.37 D induced by 
surgery. An increasing effect was seen 
with increasing desired cylindrical 
change, and the correlation coefficient 
(I^) was significant but not as high as 
that achieved with polymethyl methac- 
rylate bloeks. At 12 weeks (Fig 5), all 
the corneas could be measured with 
keratometry; the correlation was simi- 
lar to that observed at 3 weeks. As 
measured with keratometry, about one 
half the desired astigmatic change was 
achieved on average. 
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Color Fig 3.—Photokeratoscope image of rabbit cornea 3 weeks 


after toric excimer laser ablation designed to induce 4 diopters of 
cylinder. Mires are mildly to moderately irregular but demonstrate 
central ablation zone and resulting cylinder. 
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Color Fig 4.—Color-coded topographic map, generated from photo- 
keratoscope image shown in Color Fig 3, illustrates induction of corne- 


al cylinder. This cornea had 4.4 diopters of keratometric astigmatism 


3 weeks after surgery. 


Photokeratoscopy in these rabbits 
after ablation clearly demonstrated the 
ablation zone, consisting of two 
straight borders (in the mechanical 
axis of no intended refractive change) 
joined by two arcuate borders (in the 
axis of flattening) (Color Fig 3). Com- 
puter-assisted topographic analysis of 
the photokeratoscopic images demon- 
strated an overall induction of flatten- 
ing, with disproportionate flattening in 
the desired meridian (Color Fig 4). 


COMMENT 


Many surgical procedures, including 
relaxing incisions (eg, radial, trans- 
verse, and arcuate), trapezoidal astig- 
matic keratotomy (Ruiz procedure), 
and wedge resection, have been de- 
scribed for the correction of naturally 
occurring and postoperative astigma- 
tism. ^^^ The number and variety of 


techniques reflect the inability of any 
particular approach to  predictably 
eliminate corneal cylinder in all pa- 
tients. Presumably, a substantial 
amount of the variability associated 
with incisional procedures relates to 
interindividual variability in corneal 
wound healing and to variables that we 
cannot measure, such as differences in 
the amount of stress to which a certain 
region of the cornea is subjected. An 
analogy might be drawn between radi- 
al keratotomy for myopia and kerato- 
tomies for astigmatism, but unlike the 
large body of data generated on radial 
keratotomy in the Prospective Evalua- 
tion of Radial Keratotomy Study,” in- 
formation about astigmatic procedures 
usually is derived from small series of 
individual surgeons using different 
techniques. 

Superficial ablation of corneal tissue 
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to correct myopia (ie, photorefractive 
keratectomy) is a recently developed 
and currently investigational noninci- 
sional alternative to radial kerato- 
tomy. In this procedure, a greater 
amount of tissue is removed centrally 
than peripherally (by using a comput- 
er-controlled iris diaphragm or other 
means to modify beam diameter) to 
induce a central corneal flattening. To 
correct myopic astigmatism, however, 
a nonradially symmetric ablation of 
tissue is required, with greater abla- 
tion (and induced flattening) in the 
steep meridian, and minimal ablation 
(with little or no refractive change) in 
the flat meridian. Our investigations 
using flat polymethyl methacrylate 
blocks, which are used before surgery 
in photorefractive keratectomy for my- 
opia to calibrate the laser,’ curved 


opaque polymethyl methacrylate-si- 
mulated corneas, and adult pigmented 
rabbit corneas suggest that toric abla- 
tions with an expanding slit may offer 
an alternative to incisional procedures. 

Our data from rabbit corneas are 
encouraging but suggest a fair amount 
of variability with this procedure as 
currently designed. It is difficult to 
measure accurately the induced refrac- 
tive change in animal eyes, however, 
because of difficulties with precisely 
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measuring corneal curvature in an eye 
that cannot fixate a target. For exam- 
ple, McDonald et al” found no signifi- 
cant difference in corneal flattening in 
nonhuman primate eyes with different 
intended corrections (1.5 and 3.0 D). 
Also, it has been determined from 
other refractive surgical procedures 
that a 1:1 correlation between refrac- 
tive and keratometric change is not 
typically demonstrable.” Thus, data 
from sighted human eyes will be neces- 
sary before we can comment on the 
accuracy with which toric excimer ab- 
lations might be successful at remov- 
ing corneal cylinder. 

Since many candidates for this pro- 
cedure would be contact lens-intoler- 
ant individuals whose visual acuity 
cannot be adequately corrected with 
spectacles after penetrating kerato- 
plasty or other surgical procedures, we 
believe that the same requirements for 
accuracy desired with myopic ablations 
may not be necessary with this toric 
procedure. For example, an individual 
with 10 D of cylinder after penetrating 
keratoplasty who has this reduced by 
6 D might well tolerate 3 or 4 D of 
cylinder in spectacles to achieve good 
visual acuity; we would consider this a 
successful result. An analogous situa- 
tion with simple myopia, however, in 
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which the patient’s motivation is excel- 
lent uncorrected visual acuity, might 
be considered a therapeutic failure. 
Also, in contrast to myopia, a mild 
overcorrection will not necessarily 
cause the procedure to be a failure. 
Not all astigmatism, of course, is 
regular, and irregular astigmatism is 
frequently encountered after penetrat- 
ing keratoplasty” and refractive surgi- 
cal procedures, such as epikeratopha- 
kia,” as well as with intersecting 
corneal incisions” and sometimes in 
normal (ie, unoperated) corneas.” The 
protocol we have investigated is de- 
signed to correct cylinder that is regu- 
lar, with symmetrical steepening in 
the the two steep hemimeridians. We 
anticipate, however, that the proce- 
dure could be modified to perform 
asymmetrical ablations in cases of 
asymmetrical steepening, as has been 
suggested with incisional procedures.” 
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€ Fifty-eight eyes of 31 anesthetized 
rabbits received one drop of propara- 
caine hydrochloride, 0.05%, and two 
drops of tissue plasminogen activator 
(tPA) separated by 5 minutes. Four eyes 
of two additional rabbits had epithelial 
defects created before drug delivery. Tis- 
sue plasminogen activator in multiple 
doses was given to eight eyes of four 
other rabbits. We used this dosing regi- 
men to investigate the effect of topical 
tPA on anterior chamber fibrin clots in 
three rabbits. A two-site enzyme-linked 
immunosorbent assay test was used to 
measure tPA levels in the aqueous sam- 
ples, obtained by paracentesis in each 
eye. Of 53 eyes treated with the original 
dosing regimen, 21 (40%) had detectable 
tPA aqueous levels. Blood and aqueous 
from eyes of untreated control rabbits, 
contralateral control eyes of treated rab- 
bits, and eyes with epithelial defects had 
nondetectable tPA. Multiple tPA drop 
dosing resulted in 75% of aqueous sam- 
ples with detectable tPA and a higher 
average tPA concentration than the origi- 
nal dosing regimen. Eyes treated with 
tPA showed a significantly faster resolu- 
tion of anterior chamber fibrin clots than 
did control eyes. 
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issue plasminogen activator (tPA), 

a fibrin-specific fibrinolytic agent, 
is a 70 000-d molecule.’ Postoperative- 
ly, the development of a fibrin exuda- 
tive response is a potentially visually 
disabling phenomenon. Degradation of 
this fibrin by a fibrinolytie drug would 
be clinically useful. Previous research- 





See also pp 614 and 718. 





ers have shown that intraocular injec- 
tion of recombinant human tPA in ani- 
mal models degrades the fibrin.” 
Limited reports have documented the 
resolution of fibrin in the anterior 
chamber of humans after the intraocu- 
lar injection of tPA.” Because of the 
potential complications related to an 
intraocular injection, we sought to de- 
termine whether topical tPA delivery 
would result in detectable intraocular 
levels of tPA and whether degradation 
of fibrin clots would occur. 


MATERIALS AND METHODS 


Part 1: Assessment of Intraocular 
Penetration of Topically 
Administered tPA 


Approval for this research was obtained 
from the Animal Care Committee of the 
University of Illinois at Chicago College of 
Medicine. Thirty-five New Zealand white 
rabbits weighing 2 to 3 kg were obtained 
and found to be free of ocular disease. The 
animals were sedated with an intramuscu- 
lar injection of a mixture of ketamine hy- 
drochloride (77 mg/mL) and xylazine hydro- 
chloride (4.6 mg/mL). 


Recombinant tPA (Genentech Ine, San 
Francisco, Calif) was reconstituted with 
sterile water to a concentration of 1 mg/mL. 
Topical proparacaine hydrochloride, 0.5%, 
was placed onto each eye of every rabbit. 
Five minutes later, one drop of tPA was 
instilled onto each eye and repeated in 
another 5 minutes. Twenty-seven rabbits 
received tPA in both eyes. After a specific 
time interval (2, 5, 10, 15, or 20 minutes) for 
each eye, the fornices were irrigated with 
balanced salt solution (BSS), and an anteri- 
or chamber paracentesis was performed 
with a 25-gauge needle on a tuberculin 
syringe in each eye. 

Four rabbits were treated in one eye 
only, and two rabbits received no tPA in 
either eye. This resulted in eight control 
eyes: four eyes of untreated rabbits and 
four contralateral eyes of treated rabbits. 
Each of the control eyes received one drop 
of proparacaine and, 5 minutes later, a drop 
of BSS, which was repeated in another 
5 minutes. Paracenteses were performed 
10 minutes after the last drop of BSS. In 
four tPA-treated rabbits, blood was ob- 
tained via cannulation of an ear vein to 
detect whether systemic absorption 
occurred. 

Four eyes of two additional rabbits had 
epithelial defects created 10 to 15 minutes 
before undergoing the above treatment reg- 
imen. Paracenteses were performed 10 min- 
utes after the last drop of tPA. 


Part 2: Multiple-Dosing Regimen 


In an attempt to increase the intraocular 
penetration of topical tPA, a multiple-dos- 
ing regimen of tPA was used. Four New 
Zealand white rabbits were obtained and 
found to be free of anterior surface ocular 
disease. Each rabbit was sedated with the 
same ketamine-xylazine mixture as in part 
l. Each eye received one drop of propara- 
caine hydrochloride, 0.596, followed by one 
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Table 1.—Positive ELISA tPA Assays 
in Rabbit Aqueous Fluid After Topical 
Administration of tPA* 


Positive tPA ELISA, 
No. (96)1 


2/7 (29) 
3/11 (27) 
11/19 (58) 
4/ 10 (40) 
1/6 (17) 
21/53 (38) 


*ELISA indicates enzyme-linked immunosorbent 
assay; tPA, tissue plasminogen activator. 

+Time interval from last tPA drop to paracentesis. 

Values greater than 3 SDs from the mean were 
excluded from analysis. 


Time Interval, 


drop of tPA (1 mg/mL) every 5 minutes, for 
a total of nine drops of tPA. Five minutes 
after the ninth drop of tPA was applied, the 
fornices of each eye were irrigated with 
BSS and an anterior chamber paracentesis 
was performed with a 25-gauge needle on a 
tuberculin syringe. 

The aqueous samples from parts 1 and 2 
were kept in the original tuberculin sy- 
ringes, frozen in dry ice, and sent to the 
supplier of the tPA by overnight delivery. 
The aqueous samples were analyzed for 
tPA by means of an enzyme-linked im- 
munosorbent assay (ELISA) technique spe- 
cific for recombinant tPA. The two-site 
ELISA test used an affinity-purified goat 
anti-recombinant tPA antibody as the cap- 
ture agent and an affinity-purified rab- 
bit anti-recombinant tPA-peroxidase-con- 
jugated antibody. The amount of enzyme- 
eonjugated antibody bound to recombinant 
tPA was determined with O-phenylenedia- 
mine used as the substrate. Dilutions of the 
samples, recombinant tPA standards, and 
eontrols were prepared in an assay diluent 
containing phosphate-buffered saline, 0.5% 
bovine serum albumin, 0.0196 Tween 80 
(solubilizing agent), and 0.0196 thimerosol. 
Two tPA samples of 1.0 mg/mL were as- 
sayed by masked observers to check on the 
assay's accuracy at a level of detection 
greater than or equal to 0.31 ng/mL. 


Part 3: Degradation of 
Intraocular Fibrin 


In an anesthetized New Zealand rabbit, 4 
mL of blood was obtained from an ear vein 
and mixed with sodium citrate. After the 
blood was centrifuged for 10 minutes, the 
serum was aspirated and kept in a tubercu- 
lin syringe. Three New Zealand white rab- 
bits were anesthetized with the same keta- 
mine-xylazine mixture used previously. 
Each rabbit then received one drop of pro- 
paracaine hydrochloride, 0.5%, in both 
eyes, followed by an anterior chamber para- 
centesis to remove 0.05 mL of aqueous fluid 
from each eye. Autologous rabbit plasma 
(0.05 mL) was injected into the anterior 
chamber of each eye with the use of a 25- 
gauge needle on a tuberculin syringe. 
Twenty-four hours later, one of us (J.I.L.) 
verified the presence of a stable fibrin clot 
and graded the degree of fibrin formation 
on a seale of 0 to 3. The observer used a 
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ELISA Level of 
Sensitivity, 
ng/mL 


Time 
Interval, 
mint 


Mean tPA 
Level, ng/mL 
(range) 

6.4 (2.4-10.4) 
57.2 (17.52-96.91) 


Positive ELISA 
for tPA, 
No. / Total (96) 
2/3 (66) 
2/7 (29) 
1/7 (14) 

3/6 (50) 5.73 (2.69-8.45) 
1.18 (0.96-1.39) 


3.23 (0.36-15.76) 


2/4 (50) 


6/10 (60) 





1/4 (25) 
3/6 (50) 
1/6 (17) 


12.8 (0.25-34) 
54.0 





* ELISA indicates enzyme-linked immunosorbent assay; tPA, tissue plasminogen activator. 


tTime interval from last tPA drop to paracentesis. 


magnifying lens to see anterior chamber 
details. A grade of 0 corresponded to no 
visible fibrin, 1 to visible fibrin strands and 
clearly visible iris details, 2 to a fibrin clot 
and blurred iris details, and 3 to a fibrin clot 
and no iris details visible through the clot. 

Both eyes of each rabbit received one 
drop of proparacaine hydrochloride, 0.5%. 
One of us (R.F.) administered a drop of tPA 
(1 mg/mL) into the left eye and a drop of 
BSS into the right eye of each rabbit at 5- 
minute intervals for a total of nine applica- 
tions. A masked observer (J.I.L.) regraded 
the fibrin response at the end of topical 
drop administration (40 minutes after the 
initial drop of tPA or BSS) and then 30 
minutes, 1 hour, 7 hours, 31 hours, and 3 
days later. The eyes were also examined for 
hyperemia, chemosis, corneal clouding, and 
discharge. The rabbits were observed for 
signs of photophobia or increased lacri- 
mation. 


RESULTS 
Part 1 


Fifty-eight eyes with intact epithelia 
and four eyes with epithelial defects 
were treated with topical tPA. The 
tPA was present in aqueous samples 
from treated eyes at all four time 
intervals. The levels ranged from non- 
detectable to 2199 ng/mL. Eyes with 
tPA levels greater than 3 SDs from the 
mean were excluded from further anal- 
ysis (five eyes were excluded) Only 
positive values were averaged to ob- 
tain the mean values. 

Overall, 21 (4096) of the 53 eyes had 
detectable levels of tPA in the aqueous 
samples. All four eyes with previous 
epithelial defects had nondetectable 
aqueous levels of tPA. All eight control 
eyes (four eyes of two untreated rab- 
bits and four contralateral untreated 
eyes of four rabbits) showed nondetec- 
table aqueous concentrations of tPA. 
Furthermore, blood samples from rab- 
bits treated with topical tPA did not 
show tPA by means of the ELISA 
technique described above. With the 
use of bayesian 9096 credibility inter- 
vals, no overlap was found between 
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the rates 0.353 to 0.924 and 0.006 to 
0.283. 

As seen in Table 1, tPA was found in 
two (29%) of seven eyes at 2 minutes, 
three (27%) of 11 eyes at 5 minutes, 11 
(58%) of 19 eyes at 10 minutes, four 
(40%) of 10 eyes at 15 minutes, and one 
(17%) of six eyes at 20 minutes. The 
greatest proportion of positive tPA 
assays occurred at 10 minutes. The 
data are subdivided by the assay level 
of sensitivity in Table 2. The mean 
values given are the averages of posi- 
tive tPA levels. The range of the data 
points is presented for each time inter- 
val, as it more clearly represents the 
data than the SDs for small sample 
sizes. For ELISA sensitivity of de- 
tection greater than or equal to 
1.24 ng/mL, 14% (1/7) were positive at 
5 minutes vs 50% (3/6) at 10 minutes. 
For ELISA sensitivity of detection 
greater than or equal to 0.31 ng/mL, 
50% (2/4) were positive at 5 minutes 
(1.18 ng/mL) and 60% (6/10) at 10 
minutes (3.23 ng/mL) (Table 2). 


Part 2 


In the multiple-drop dosing regi- 
men, six (75%) of the eight aqueous 
samples showed detectable levels of 
tPA. The average level was 7.25 
ng/mL with the use of a sensitivity of 
detection for tPA greater than or equal 
to 0.31 ng/mL. As seen in Table 3, the 
levels ranged from 1.0 to one value 
greater than 20 ng/mL. Two standard 
tPA concentrations of 1 mg/mL, as- 
sayed by a masked observer using the 
same ELISA sensitivity level, were 
measured as 1 mg/mL. 


Part 3 


As seen in Table 4, all six eyes 
showed a grade 3 fibrin response in the 
anterior chamber before tPA or BSS 
treatment was initiated. Immediately 
after the last drop of tPA or BSS, the 
average grading of the fibrin response 


715 


Table 3.—tPA ELISA Levels in Rabbit 
Eyes Treated With Multiple Doses of 
Topical tPA* 


Aqueous Level 
of tPA, ng/mL 


*ELISA indicates enzyme-linked immunosorbent 
assay; tPA, tissue plasminogen activator. 


was 1.7 for the tPA-treated eyes and 
2.7 for the BSS control eyes. At 0.5, 1, 
7, 31, and 72 hours after the last drop 
of tPA or BSS, tPA-treated eyes 
showed an average fibrin response of 
1.33, 1:0,°0.3,.0.3; and 0.3 vs 2.7, 2.7, 
3.0, 2.7, and 2.3 for BSS control eyes. 
None of the tPA-treated eyes showed 
an adverse reaction to the topical ap- 
plication of tPA. As seen in the Fig- 
ure, tPA-treated eyes tended to show 
less fibrin than BSS-treated eyes dur- 
ing the observed time intervals. This 
difference in fibrin response between 
tPA- and BSS-treated eyes was statis- 
tically significant (sign test, P=.03; 
sign test adjusted for ties, P<.007). 


COMMENT 


Our data suggest that when given 
topically, tPA enters the rabbit eye 
and is biologically active. We limited 
false-positive tPA levels by using an 
ELISA technique specific for recombi- 
nant tPA. This assay was incapable of 
detecting rabbit-type tPA. The endog- 
enous level of rabbit tPA is 1 to 
5 ng/mL of plasma and is at our assay's 
level of detection, if it were capable of 
detecting rabbit in addition to human 
tPA.' The levels most likely represent 
the exogenously administered tPA. 
Furthermore, we irrigated the forni- 
ces before paracentesis to avoid aspi- 
rating exogenously administered tPA 
from the ocular surface. The absence of 
tPA in the blood of treated rabbits and 
the absence of contralateral-eye aque- 
ous tPA levels, when the fellow eye 
was treated with tPA, made it unlikely 
that systemic absorption and distribu- 
tion occurred. This allowed us to use 
both eyes of each rabbit as treatment 
eyes. Although our numbers are lim- 
ited, the relative specificity for the 
ELISA technique supports the intra- 
ocular penetration of the tPA. 

In part 1, when we initially subdi- 
vided our results of detectable aqueous 
tPA levels based on time of paracente- 
sis, we found the greatest number of 
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Grade by Time After Completion of Drops 
OL 


—40 min O min 30 min 1h 7h 


Rabbit OD OS OD OS OD OS OD OS OD OS OD OS OD OS 





* Topical tissue plasminogen activator (tPA) was given in the left eyes and balanced salt solution in the right 
eyes. 
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Graph of average anterior chamber fibrin response in three rabbits vs time after completion of a 
multiple-drop dosing regimen (nine drops) of topical tissue plasminogen activator, 1 mg/mL 
(treated eyes; circles) or balanced salt solution (untreated eyes; triangles). Fibrin response was 
graded as follows: 0, absent; 1, trace; 2, moderate; and 3, large. Note that the eyes treated with 
tissue plasminogen activator tended to show less fibrin response than untreated eyes at all time 
intervals. This difference was statistically significant (sign test, P = .03; sign test adjusted for ties, 


P<.007). 


positive assays to occur 10 minutes 
after tPA treatment. This led to subse- 
quent assays performed 10 minutes 
after topical tPA and hence a greater 
number of data points at 10 minutes. 
The presence of this time-dependent 
factor may be due to several factors. 
These include time for the tPA mole- 
cule physically to enter the eye, degra- 
dation of tPA by intraocular inhibitors, 
and utilization of the tPA. 

We sought to determine whether we 
could increase aqueous tPA levels by 
removing the epithelium or by using a 
multiple-drop dosing regimen. Our 
finding that eyes with epithelial de- 
fects had nondetectable levels of tPA 
was unexpected. Other drugs have 
shown increased ocular penetration 
with the epithelial barrier removed." 
In our study, the epithelial defect may 
have led to utilization of the tPA by 
the inflammatory response after cre- 
ation of the epithelial defect. Fibrino- 
gen, fibrin, and fibronectin are be- 
lieved to be deposited onto a denuded 
corneal surface within minutes. Cin- 
tron et al' showed that within 20 min- 
utes of a full-thickness corneal button 


excision in rabbits, a fibrin plug forms 
and seals the wound. Fujikawa et al" 
showed that within 1 hour of creation 
of a corneal wound, a prominent layer 
of fibrin formed on the corneal surface. 
Previous work by other investiga- 
tors has shown that multiple-drop dos- 
ing increases aqueous levels of drugs." 
Our multiple-tPA drop dosing regimen 
resulted in an enhanced drug delivery 
of tPA. Aqueous tPA levels were 
found in 7596 of these eyes vs 3896 of 
eyes treated in the first part of this 
study. The average positive concentra- 
tion was also higher, 7.25 ng/mL vs 
1.18 to 3.23 ng/mL, using ELISA as- 
says with the same level of detection 
(tPA concentrations =0.31 ng/mL). 
Topical tPA may enter into the ante- 
rior chamber of the rabbit eye by 
penetrating the cornea and/or the con- 
junetiva/sclera.^" Previous work by 
Ahmed et al^" on inulin, a large mole- 
cule, defined the presence of a noncor- 
neal or conjunctival/scleral route. Al- 
though tPA’s molecular size exceeds 
that of inulin, it may enter the eye via 
this route. The possibility of systemic 
absorption and then circulation to the 
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anterior chamber is highly unlikely 
given the nondetectable blood or con- 
tralateral aqueous levels of tPA-treat- 
ed rabbits. We postulate that tPA's 
molecular size makes the transcorneal 
route unlikely and that a noncorneal or 
conjunctival/scleral route is the most 
likely mechanism. 

The use of topical proparacaine may 
have contributed to the intraocular 
penetration of topical tPA. However, 
previous studies have shown this to be 
most applicable for corneal absorption 
routes. ^"^ It is unclear whether topical 
anesthetics disrupt conjunctival and/or 
scleral cell junctions. 

The faster degradation of the anteri- 
or chamber fibrin clot in eyes treated 
with topical tPA, vs control eyes, con- 
firmed the biologic activity of the mole- 
cule. At 1 hour, tPA-treated eyes 
showed early resolution of the fibrin 
clot, whereas control eyes showed only 
minimal breakdown of the exogenous 
fibrin clot (Figure). Topical adminis- 
tration of tPA appears to be a biologi- 
cally effective route of drug delivery to 
the anterior chamber. 

We conclude that topically adminis- 
tered tPA can enter the anterior cham- 
ber of the rabbit eye and can speed 
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resolution of intraocular fibrin. Al- 
though the concentrations shown here 
are only in nanogram amounts, the 
smallest effective dose for intraocular 
fibrinolysis in humans is currently un- 
known. Williams et al’ showed that 
25 wg of tPA injected intracamerally is 
effective in causing fibrinolysis in hu- 
mans with postoperative fibrin. More 
recently, Dabbs et al" also showed that 
the same amount of tPA given as an 
intraocular injection degraded fibrin- 
induced pupillary block in one eye and 
fibrin-related recurrence of traction 
retinal detachment after vitrectomy in 
six eyes. However, all of their patients 
showed some degree of anterior and 
posterior segment bleeding. Concen- 
trations as low as 6.7 pg/L given in- 
tracamerally in rabbit models has re- 
sulted in clearance of anterior chamber 
fibrin within 3 hours." However, the 
lowest intracameral level required in 
rabbits is unknown. Tripathi et al" 
showed that the endogenous level 
of tPA in the human aqueous humor 
is 0.8+0.17 ng/mL. More recently, 
Yedavally et al^ reported human 
aqueous humor tPA levels to be 
0.51 +0.34 ng/mL. A tPA level similar 
to that achieved by topical tPA appli- 
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cation in our rabbit experiment would 
result in a level of tPA nine to 14 times 
the naturally occurring human level. 
Since this topical method of delivery 
may exclude the necessity of an intra- 
ocular procedure and hence eliminate 
the risk of bleeding, infection, and 
inadvertent trauma, it would be a use- 
ful alternative treatment for humans. 
Further investigation is needed to de- 
termine whether topical tPA treat- 
ment would result in fewer compli- 
cations and benefit patients with 
postoperative inflammation, fibrinoid 
uveitis, and other cases of fibrin 
exudation. 
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Retinal Toxicity of Human Tissue Plasminogen 
Activator in Vitrectomized Rabbit Eyes 


W. David Irvine, MD; Mark W. Johnson, MD; Eleut Hernandez, LAT: Karl R. Olsen, MD 


e The retinal toxicity of human tissue 
plasminogen activator in normal rabbit 
eyes has recently been reported. We now 
report the retinal toxicity of tissue plas- 
minogen activator in three groups of 
vitrectomized rabbit eyes. Group 1 un- 
derwent gas compression of the vitreous 
followed by tissue plasminogen activator 
injection in doses of 25, 50, and 100 yg 
(all doses were administered in 100 uL of 
fluid). Group 2 underwent lensectomy 
and vitrectomy followed by tissue plas- 
minogen activator injection of 100 jg. 
Group 3 underwent lensectomy, vitrec- 
tomy, and complete fluid/gas exchange 
prior to injections of 12.5 and 25 pg of 
tissue plasminogen activator. Control 
eyes received 100 „L of balanced salt 
solution. In group 1, no retinal toxic reac- 
tions were observed after administration 
of 25 or 50 ug of tissue plasminogen 


issue plasminogen activator (tPA) 
is a thrombolytic enzyme available 
through recombinant DNA technol- 
ogy.” Tissue plasminogen activator 
binds to fibrin and promotes fibrinoly- 
sis by converting plasminogen into 





See also pp 614 and 714. 





plasmin, which in turn causes the deg- 
radation of fibrin.” Because tPA is fi- 
brin specific, it theoretically has less 
potential for causing systemic coagula- 
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activator, but all eyes receiving 100 ug 
demonstrated retinal damage on oph- 
thalmoscopy, electroretinography, and 
light microscopy. In group 2, no retinal 
toxic reactions were seen after adminis- 
tration of 100 ug of tissue plasminogen 
activator. In group 3, two of 11 eyes 
receiving 25 ug of tissue plasminogen 
activator demonstrated toxic retinal 
changes by ophthalmoscopy, electroreti- 
nography, and light microscopy. These 
results suggest that gas compression of 
the vitreous does not significantly alter 
the toxic changes seen caused by tissue 
plasminogen activator. While lensectomy 
and vitrectomy appears to widen the 
therapeutic window for tissue plasmino- 
gen activator, the margin of safety is 
reduced with the addition of a large gas 
bubble. 
(Arch Ophthalmol. 1991;109:718-722) 


tion defects than previous thromboly- 
tic agents. ^^" 

Recent studies have demonstrated 
the effectiveness of intraocular tPA in 
facilitating the lysis of intraocular fi- 
brin.™ Other potential ocular uses for 
tPA include filtering bleb thrombosis," 
glaucoma surgery, " hyphema," reti- 
nal artery thrombosis," and retinal 
vein thrombosis."" Previous experi- 
ence with tPA in our laboratory sug- 
gested the possibility of retinal toxic- 
ity." We recently reported the dose- 
related retinal toxicity of intravitreal 
tPA in normal (phakie, nonvitrecto- 
mized) rabbit eyes." That study dem- 
onstrated evidence of retinal damage 
following intravitreal injection of tPA 
in doses of 50 pg per 100 uL or higher 
and suggested that a component of the 
vehicle appears to be the toxic factor. 
In the present study, we investigated 


the retinal toxicity of tPA in three 
additional groups of rabbit eyes: (1) 
gas vitrectomized eyes; (2) aphakic vi- 
trectomized eyes; and (3) aphakic, vi- 
trectomized, gas-filled eves. 


MATERIALS AND METHODS 


The human recombinant tPA used in this 
study was commercially available Activase 
(Genentech Inc, South San Francisco, Calif) 
with an average activity of 580 IU/ug and a 
pH of 7.3. The tPA was reconstituted with 
sterile water according to the manufactur- 
ers specifications, and small aliquots were 
maintained at — 70°C. Immediately prior to 
use, the tPA was warmed to room tempera- 
ture and diluted to the desired concentra- 
tion using sterile balanced salt solution 
(BSS). 

New Zealand white rabbits weighing 2 to 
3 kg were used. Anesthesia was adminis- 
tered using combined intramuscular keta- 
mine hydrochloride (14 mg/kg) and xylazine 
hydrochloride (14 mg/kg). Pupils were di- 
lated using phenylephrine hydrochloride 
(2.5%) and tropicamide (1%). 

Group 1 rabbits underwent gas vitrec- 
tomy. Following baseline indirect ophthal- 
moscopy, an anterior chamber paracentesis 
was performed by introducing a 30-gauge 
needle through the peripheral cornea. A 
second 30-gauge needle was introduced into 
the vitreous cavity 3 to 4 mm posterior to 
the limbus, and 0.4 mL of sterile 100% 
perfluoropropane was injected into the vit- 
reous cavity. Indirect ophthalmoscopy was 
again performed to rule out complications of 
injection. The perfluoropropane was al- 
lowed to expand for 72 hours before ex- 
change of the gas with BSS and tPA 
injections. 

Group 2 rabbits underwent lensectomy 
and vitrectomy. Combined intramuscular 
ketamine hydrochloride (14 mg/kg) and xy- 
lazine hydrochloride (14 mg/kg) were ad- 
ministered. Following adequate anesthesia, 
the eyes were sterilely prepared and 
draped. A conjunctival limbal peritomy was 
made nasally and temporally. A bent 20- 
gauge needle was used to make a stab 
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incision 3 mm posterior to the limbus at the 
3-o'cloek and 9-o’clock positions, extending 
the needle into the lens after the second 
incision. Using a lens fragmenter, the lens 
was fragmented and the residual lens cap- 
sule was removed with a vitrectomy cutter. 
The entire vitreous was then removed using 
the same cutter with the bent needle as 
infusion. Careful attempts to create a poste- 
rior vitreous separation were made. Once 
the vitreous was removed, the sclerotomies 
were closed with 7-0 vicryl sutures, the 
conjunctiva was closed with 6-0 plain su- 
tures, and antibiotic ointment was applied 
to the surface of the eye. The animals were 
allowed to recover prior to being returned 
to their cages. The eyes were allowed to 
recover for 14 days and were examined 
with indirect ophthalmoscopy prior to other 
manipulations. 

Group 3 rabbits underwent lensectomy 
and vitrectomy. After 14 days of recovery, 
complete fluid/gas exchange was performed 
with 20% perfluoropropane. Tissue plas- 
minogen activator injection was performed 
24 hours later, at which time a 60% to 90% 
gas fill was present in each eye. 

The technique for tPA injection was the 
same in each group. Following baseline 
indirect ophthalmoscopy and electroreti- 
nography (ERG), a 30-gauge needle was 
introduced through the anterior part of the 
retina into the midvitreous cavity under 
microscopic control. Injections of either 
BSS or 100 uL of the desired tPA concen- 
tration were administered slowly to avoid 
retinal complications. The needle was held 
in place for 30 seconds after injection to 
minimize reflux from the entry site. Indi- 
rect ophthalmoscopy was again performed 
to rule out complications of injection. 

The number of animals in each group and 
the dosage of tPA injected are summarized 
in the Table. All eyes were examined with 
indirect ophthalmoscopy at 24 hours and 7 
days. Electroretinography was performed 
on all animals at 7 days. Eyes showing no 
evidence of retinal toxicity at 7 days were 
followed up for 1 month, with indirect oph- 
thalmoscopy and ERGs performed on days 
14 and 28. 

Electroretinographies were performed in 
the following manner. Following pupillary 
dilation, dark adaptation, and administra- 
tion of intramuscular anesthetics, contact 
lens electrodes were placed on each eye, 
with reference electrodes on each upper lid 
and a common reference electrode between 
the ears. Responses to four unfiltered, 
white-light flashes of 130-ysee duration, 
delivered 1 second apart, were recorded, 
averaged, and stored on a computer disk 
(NIC CA 1000 Clinical Averager, Nicolette 
Biomedical, Madison, Wis). The flash stim- 
ulus was produced by a photostimulator 
(Grass PS22, Grass Medical Instruments, 
Quincy, Mass) on an intensity setting of 16 
with the bulb positioned 25 cm from the 
head of the animal. 

Throughout the follow-up period, all ani- 
mals were treated and housed in accordance 
with the Association for Research in Vision 
and Ophthalmology Resolution on the care 
and housing of experimental animals. The 
animals were killed following the final 
postinjection examination. The eyes were 
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1 
Control 






Gas vitrectomy 





2 
Control 





Lensectomy / vitrectomy 





3 
Control 






Lensectomy / vitrectomy / fluid gas 
exchange 


* BSS indicates balanced salt solution. 
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Fig 1.—Normal retinal cytoarchitecture 1 month after intravitreal injection of 50 pg of tissue 
plasminogen activator in a gas-vitrectomized eye (hematoxylin-eosin, original magnification 


x 400). 


immediately enucleated and refrigerated in 
phosphate-buffered 5% glutaraldehyde so- 
lution after a slit was made through the eye 
wall. Following fixation for at least 24 
hours, the eyes were hemisected and the 
nasal hemisphere of each eye was dehydrat- 
ed, embedded in paraffin, serial-sectioned, 
and stained with hematoxylin-eosin for light 
microscopy. 


RESULTS 
Group 1 


The eyes in group 1 underwent gas 
vitrectomy followed by tPA or BSS 
injection. In BSS-administered con- 
trols and eyes receiving 25 and 50 pg 
of tPA, no toxic retinal changes were 
seen on indirect ophthalmoscopy, 
ERG, or light microscopy (Fig 1). 
However, all five eyes receiving 
100 pg of tPA developed toxic retinal 
changes. Two eyes developed a large 
necrotic retinal hole and bullous retinal 
detachment. The remaining three eyes 
showed marked attenuation of the reti- 
nal blood vessels and small retinal 
holes in the myelin wings. Electroreti- 
nographic tracings from eyes receiving 
100 pg of tPA showed marked reduc- 
tion in the B-wave amplitude 7 days 
after injection (Fig 2). Light microsco- 
py in the eyes that received 100 pg of 
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tPA demonstrated large areas of reti- 
nal degeneration with loss of photore- 
ceptor elements and increased vacuoli- 
zation of the inner nuclear layer (Fig 
3) The incidence of retinal changes 
with 100 pg of tPA was statistically 
significant (P = .038 by x^ test). 


Group 2 


Eyes in group 2 underwent lensec- 
tomy and vitrectomy followed by an 
injection of 100 pg of tPA. Indirect 
ophthalmoscopy, ERG, and light mi- 
croscopy showed no evidence of toxic 
retinal damage after 28 days in any of 
the eight eyes. 


Group 3 


Eyes in group 3 underwent lensec- 
tomy, vitrectomy, and complete fluid- 
gas exchange. None of the eyes receiv- 
ing 12.5 pg of tPA developed toxic 
retinal changes. Two of 11 eyes receiv- 
ing 25 pg of tPA developed retinal 
holes and bullous retinal detachments 
within 14 days of tPA injection. Both 
of these eyes were approximately 90% 
gas-filled at the time of tPA injection. 
In addition, four of 11 eyes receiving 
25 wg of tPA developed traction retinal 
detachments during the fourth week of 
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Fig 2.—Mean electroretinographic B-wave amplitudes of various dosage groups in gas-vitrec- 
tomized eyes. BSS indicates balanced salt solution. 
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Fig 3.—Atrophy of photoreceptor elements and increased vacuolization of the inner nuclear 
layer 1 month after intravitreal injection of 100 jg of tissue plasminogen activator in a gas- 
vitrectomized eye (hematoxylin-eosin, original magnification x 400). 


Fig 4.—Electroretinographic tracings from aphakic, vitrectomized, gas-filled eye with early 
retinal detachment after injection of 25 ug of tissue plasminogen activator (tPA). 
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1 wk After tPA 


2 wk After tPA 
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follow-up. However, five of eight con- 
trol eyes and two of four eyes receiv- 
ing 12.5 pg also developed late traction 
retinal detachments. No retinal holes 
or detachments were noted early in the 
control eyes or eyes receiving 12.5 pg 
of tPA. The difference in the incidence 
of early retinal changes between tPA- 
treated and control eyes was not sta- 
tistically significant (P=.604 by y 
test). 

Diminished ERG B-wave amplitude 
was seen in the two tPA-treated eyes 
that developed early retinal detach- 
ments (Fig 4) Electroretinographic 
tracings from tPA-treated eyes that 
remained attached were similar to 
those from control eyes (Fig 5). Be- 
cause of the similar number of retinal 
detachments occurring in tPA and con- 
trol eyes, the mean ERG amplitudes in 
the two groups were not significantly 
different at any follow-up interval. 

Light microscopy in the eyes with 
early retinal detachments demonstrat- 
ed full-thickness retinal holes and ar- 
eas of extensive retinal degeneration 
with atrophy of all layers and loss of 
the normal retinal cytoarchitecture 
(Fig 6). 


COMMENT 


Severe postoperative fibrin accumu- 
lation is a vision-threatening complica- 
tion of vitrectomy procedures. Tissue 
plasminogen activator in doses ranging 
from 25 to 100 ug has been shown to 
facilitate the clearance of intraocular 
fibrin in experimental animal models.“ 
Jaffe and colleagues" recently report- 
ed the efficacy of 25 pg of tPA in 
treating postvitrectomy fibrin forma- 
tion in human eyes, noting no evidence 
of retinal toxicity. Johnson and co- 
workers" demonstrated toxic retinal 
changes in normal rabbit eyes follow- 
ing intravitreal tPA injections of 50 pg 
or more per 100 uL. 

In comparison with the earlier work 
on nonvitrectomized, phakic rabbit 
eyes, the present study demonstrates 
that gas compression of the vitreous 
does not significantly alter the inci- 
dence of toxic retinal changes following 
intravitreal injection of tPA. Howev- 
er, the magnitude of the retinal 
changes did appear to be lessened. In 
our previous work with normal rabbit 
eyes, all eyes receiving 100 pg of tPA 
developed large necrotic retinal holes. 
In this study, only two of five gas- 
vitrectomized eyes developed necrotic 
retinal holes, and the remaining eyes 
demonstrated lesser degrees of retinal 
changes. 

The results of this study demon- 
strate that aphakic, vitrectomized rab- 
bit eyes can tolerate an intravitreal 
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Before tPA 


1 wk After tPA 
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Fig 5.—Electroretinographic tracings from aphakic, vitrectomized, gas-filled eye with no toxic 
changes following injection of 25 pg of tissue plasminogen activator (tPA). 





Fig 6.—Full-thickness retinal necrosis associated with retinal detachment inferiorly in an 
aphakic, vitrectomized, gas-filled eye 7 days after injection of 25 yg of tissue plasminogen 
activator (hematoxylin-eosin, original magnification x 400). 


injection of up to 100 pg of tPA with- 
out evidence of retinal toxicity. This 
dose had previously been found to be 
uniformly toxic in nonvitrectomized, 
phakic rabbit eyes and gas-vitrecto- 
mized eyes. Several mechanisms may 
be responsible for the improved mar- 
gin of safety gained with lensectomy 
and vitrectomy. The fluid rather than 
formed vitreous and the increased vol- 
ume of the unicameral eye result in 
greater tPA dilution than occurs in the 
normal eye. In addition, lensectomy 
provides access to the trabecular 
meshwork that may allow more rapid 
clearance of the tPA. Finally, endoge- 
nous fibrin following the surgical ma- 
nipulations may be present to bind the 
tPA, effectively reducing its concen- 
tration and toxicity. 
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It is not unexpected that a large gas 
bubble, by reducing the intraocular 
fluid available for dilution, should re- 
duce the improved margin of safety 
obtained with lensectomy and vitrec- 
tomy. Two aphakic, vitrectomized, 
gas-filled eyes treated with 25 pg of 
tPA developed retinal holes and de- 
tachments in the early follow-up peri- 
od. We believe this represents toxic 
damage, given the absence of such 
early changes in control eyes. Al- 
though mechanical damage from the 
injection represents an alternative ex- 
planation, the injections were per- 
formed at a slow drop-by-drop rate, 
and ophthalmoscopy was performed 
immediately after injection to rule out 
such complications. Late traction reti- 
nal detachments were seen with a simi- 


lar incidence in tPA-treated and con- 
trol eyes, and represent a limitation of 
this experimental model. 

Given that the volume of the rabbit 
eye is approximately 3 mL, a concen- 
tration of 33 pg/mL (100 pg per 3 mL) 
of tPA produced no toxicity in the 
aphakic, vitrectomized rabbit eye. Ina 
rabbit eye with a 90% gas fill, the fluid 
volume available for dilution is reduced 
to approximately 0.3 mL. A concentra- 
tion of 83 pg/mL (25 pg per 0.3 mL) 
caused toxic changes in two of the 11 
aphakie, vitrectomized, gas-filled rab- 
bit eyes, and may approximate the 
threshold concentration for toxicity. 
Based on these calculations, 25 pg of 
tPA in a rabbit eye with a 75% gas 
bubble (0.75-mL fluid volume) would 
result in a nontoxic concentration of 
33 pg/mL, suggesting that 25 pg is a 
safe dose in rabbit eyes with gas fills of 
75% or less. 

These observations have important 
implications for the clinical use of tPA 
in human eyes. Based on these results, 
25 pg of tPA in a vitrectomized, fluid- 
filled eye should not cause retinal tox- 
icity. However, eyes developing se- 
vere postvitrectomy fibrin formation 
often contain a significant gas bubble. 
Given that the volume of the human 
eye is at least twice that of the rabbit 
eye, a human eye with up to a 7596 gas 
fill should tolerate 25 pg of tPA with a 
margin of safety. 

Other factors that may modify the 
toxicity profile observed in our model 
must also be considered. First, the 
presence of intraocular fibrin or blood 
may modulate tPA toxicity. In addi- 
tion, human and rabbit retina may 
differ in their intrinsic sensitivity to 
the tPA preparation. Furthermore, 
doses lower than 25 ug are being eval- 
uated and preliminary results suggest 
that as little as 3 wg of intraocular tPA 
may be effective in lysing fibrin.” 

In conclusion, we have demonstrat- 
ed that lensectomy/vitrectomy appears 
to widen the therapeutic window for 
intraocular tPA in rabbit eyes, but the 
margin of safety is reduced with the 
addition of a large gas bubble. Given 
the relatively narrow margin of safety 
and the potential for bleeding compli- 
cations, we recommend caution in the 
use of intraocular tPA in eyes with 
large gas fills. We believe, however, 
that tPA may prove to be a safe and 
useful therapy for severe postvitrec- 
tomy fibrin accumulation, especially if 
doses of less than 25 pg prove to be 
equally efficacious in fibrinolysis. 
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Osiittiainiclasiets have long been familiar with the gliomas that involve the optic 
nerve in its intra-orbital course. Less well known are the tumors of similar type that arise 
from the chiasm or adjacent wall of the third ventricle, whence they spread forward in 
some instances even as far as the retinal end of the optic nerve. In a paper written with 
Paul Martin," several years ago, seven of these cases, most of which had been clinically 
diagnosed as retrobulbar neuritis, were fully described. 


These tumors may cause the typical chiasmal syndrome in question, and as the sella 
remains unaffected they may therefore be symptomatically indistinguishable from a 
meningioma; but as a rule, they have certain characterizing features that serve to make 
the clinical diagnosis probable if not certain. 


SOURCE: Cushing H. The ehiasmal syndrome of primary optie atrophy and bitemporal 
field defects in adults with a normal sella turcica. 
Arch Ophthalmol. 1930;3:704. 
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Fibrin Directs Early Retinal Damage After 
Experimental Subretinal Hemorrhage 


Cynthia A. Toth, MD; Lawrence S. Morse, MD, PhD; Leonard M. Hjelmeland, PhD; Maurice B. Landers III, MD 


e Subretinal blood within the macula 
may cause visual loss in a number of 
macular diseases. The clinical and histo- 
pathologic effects of experimental sub- 
retinal hemorrhage were evaluated in the 
cat. Subretinal hemorrhages were pro- 
duced by creating a focal neurosensory 
retinal detachment with micropipette 
techniques, then inserting a needle tip 
transsclerally to allow choroidal blood to 
fill the bleb. Experimental lesions were 
examined clinically and with light and 
electron microscopy during a 14-day 
postoperative period. Initial observations 
included clot organization with retraction 
of fibrin strands. In six of nine clots more 
than 1 hour old, fibrin was associated 
with tearing of sheets of photoreceptor 
inner and outer segments. Later degen- 
eration progressed to involve all retinal 
layers overlying the densest areas of 
fibrin in the clots. Hemorrhages into 
subretinal blebs containing tissue plas- 
minogen activator did not form fibrin 
strands or cause photoreceptor tearing. 
These findings highlight the potential for 
improved retinal survival if organized 
subretinal clot can be eliminated soon 
after formation. 

(Arch Ophthalmol. 1991;109:723-729) 


A ging macular degeneration is the 

leading cause of permanent blind- 
ness in people older than 60 years in 
the industrialized world.’ Subretinal 
hemorrhage from associated subretinal 
neovascular membranes may result in 
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disciform macular scarring and perma- 
nent visual loss. Thus, there has been 
interest in the removal of subretinal 
hemorrhage to reduce the final disci- 
form scar and the resultant area of 
visual loss.” The natural course and 
histopathologic features of retinal de- 
generation over subretinal hemor- 
rhages remain poorly delineated to 
date. The mechanisms of injury may 
involve blood products, glial elements, 
or neovascular membranes." 

Studies of experimentally induced 
subretinal hemorrhages in animals 
have suggested that blood alone can 
induce degenerative changes in the 
overlying retina.“ These studies did 
not, however, establish the time 
course of damaging events associated 
with clot formation beneath the holan- 
giotic (fully vascular) retina. 

This study demonstrates a model of 
subretinal hemorrhage that uses the 
holangiotie retina of the domestic cat 
and explores the natural course of ear- 
ly events after such a hemorrhage. The 
data suggest that fibrin directs the 
major mechanical injury and secondary 
degenerative processes in the early 
weeks after a subretinal hemorrhage. 


MATERIALS AND METHODS 
Study Design 


In the study group, subretinal hemor- 
rhages were created beneath the retina 
adjacent to the area centralis in one eye 
each of 10 domestic cats. In one eye, two 
subretinal hemorrhages were created, thus 
producing a total of 11 lesions for study. 
Lesions were observed through 25 minutes 
to 14 days, with enucleation for histopatho- 
logie evaluation at 25 minutes; 40 minutes; 
and 1, 2, 3, 7, and 14 days. For a control 
group, focal neurosensory retinal detach- 
ments (blebs) without hemorrhages were 
created in five additional cats by the sub- 
retinal microinjection of balanced salt solu- 
tion (BSS) with transvitreal micropipette 
techniques. Finally, in two other eyes, a 


tissue-type plasminogen activator solution 
(tPA; Genentech, San Francisco, Calif) was 
used to create the initial bleb into which the 
hemorrhage was induced. This created two 
hemorrhages with fibrinolytic agents pre- 
sent before any clot formation. 


Animals 


All animals were purchased from the 
Animal Resource Service of the University 
of California, Davis, Sacramento. We ad- 
hered to the Guide for the Care and Use of 
Laboratory Animals, prepared by the 
Committee on Care and Use of Laboratory 
Animals of the Institute of Laboratory Ani- 
mal Resources, National Research Council. 
Animals were fed and watered ad libitum 
and housed as a group with standard fluo- 
rescent lighting in 12-hour light-dark cy- 
cles. Laboratory studies included a com- 
plete blood cell count with differential 
count, platelet estimate, prothrombin time, 
and partial thromboplastin time. A dilated 
fundus examination was performed on all 
animals on entry into the study. 


Creation of Subretinal Lesions 


All animals were premedicated with 0.5 
mg/kg of subcutaneous acepromazine male- 
ate and 0.5 mL of atropine sulfate, then 
placed under halothane general endotrache- 
al anesthesia for creation of lesions. A later- 
al eanthotomy was performed. A peritomy 
was ereated, and the four rectus muscles 
were isolated. Bipolar cautery was applied 
to maintain hemostasis. A pars plana scle- 
rotomy was created 5.5 mm posterior to the 
limbus and enlarged to 1.5 mm. A limited 
core vitrectomy was performed with an 
automated vitrectomy system (Storz, St 
Louis, Mo) without infusion, to soften the 
eye. Subretinal blebs were created with a 
micropipette microinfusion system. A sy- 
ringe pump (Harvard Apparatus, South 
Natick, Mass) delivered fluid via intrave- 
nous extension tubing to an electrode cou- 
pler containing a glass micropipette that 
measured 40 to 50 jum (outer diameter) at 
the beveled tip. A stereotactic microma- 
nipulator holding the electrode coupler al- 
lowed controlled manipulation of the micro- 
pipette within the eye. The micropipette 
was advanced through the pars plana inci- 
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Fig 1.—Fundus photograph of a 1-hour-old subretinal hemorrhage in 
the area centralis. 


sion and across the vitreous cavity until it 
penetrated the neurosensory retina. Con- 
tinuous volumetric pumping of the fluid at 
5 L/min for 1 minute was delivered beneath 
the retina to create a focal neurosensory 
retinal detachment. For both control and 
experimental eves with subretinal hemor- 
rhages, BSS was delivered under the reti- 
na. For the tPA group, tPA solution at 
200 g/mL was used to create the bleb. To 
create an autologous subretinal hemor- 
rhage, the tip of a 20-gauge surgical knife 
(MVR, Rudolph Beaver Inc, Waltham, 
Mass) or a 25-gauge needle was passed 
transsclerally into the bleb and then with- 
drawn, allowing choroidal blood to fill the 
bleb and extend under the retina into the 
area centralis. 

The sclerotomy was closed with polyglac- 
tin suture and the lateral canthotomy with 
nylon suture. The eye then received sub- 
conjunctival injections of dexamethasone 
sodium phosphate (2 mg) and gentamicin 
sulfate (20 mg) and topical applications of 
atropine sulfate and neomycin and poly- 
myxin B sulfates and dexamethasone. 


Postoperative Care 


The animals were isolated for 8 to 16 
hours after surgery. Topical atropine was 
applied twice daily and neomycin and poly- 
myxin B sulfates and dexamethasone three 
times daily for 7 days to the operated-on 
eye. Animals were followed up with daily 
penlight examination. Slit-lamp examina- 
tion, indirect ophthalmoscopy, and fundus 
photography were performed daily for 
3 days and then every 2 to 4 days. For 
killing, animals were premedicated with an 
intramuscular injection of ketamine hydro- 
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Fig 2.— Fundus photograph of the same subretinal hemorrhage as in 


Fig 1, now 3 days old. A serum-erythrocyte interface is evident along 
with a central area of organized coagulum. Retinal wrinkling and 
opacification can be seen over the central clot. 


chloride (33 mg/kg), then given an intrave- 
nous injection of pentobarbital (85 mg/kg), 
followed by immediate enucleation. 


Tissue Processing 


Eyes were incised at the pars plana and 
placed in 2.5% glutaraldehyde and 1.5% 
paraformaldehyde with 0.1-mol/L sodium 
cacodylate buffer at 4°C. After 15 minutes, 
the anterior segment including the lens was 
excised, and both segments were replaced 
in fixative. After 24 hours, the fixed poste- 
rior eyecups were sectioned, and specific 
lesions were photographed. Selected areas 
of tissue were taken for further microscopic 
analyses. 


Microscopy 


For light microscopy, tissues were dehy- 
drated in graded alcohols and embedded in 
hydroxylthylglycol | merthacrolate — (Poly- 
sciences Ine, Warrington, Pa). Sections 2 to 
5 um thick were cut on an ultramicrotome 
(LKB Ultrotome III; Bromma). These were 
stained with Richardsons stain. 

For transmission electron microscopy 
(TEM), tissues were postfixed in osmium 
tetroxide, dehydrated in graded alcohols, 
and embedded in vinyleyclohexenedioxide- 
DER 736 (Spurr’s) resin (Electron Micros- 
copy Services, Fort Washington, Pa) Sec- 
tions were cut at a thickness of 75 nm, 
placed on 3-mm 150 mesh copper grids, 
stained with lead citrate, and examined in a 
transmission electron microscope (Phillips 
410). 

For scanning electron microscopy, tis- 
sues were dehydrated in graded alcohols, 
critical point dried, and placed on aluminum 
mounts with colloidal silver paste (Pelco: 


Ted Pella Inc, Redding, Calif). These were 
sputter coated with gold and examined in a 
scanning electron microscope (Phillips 501). 
RESULTS 
Clinical Results 


Eleven subretinal hemorrhages 
were evaluated from 25 minutes 


through 14 days. Minimal anterior seg- 
ment inflammation was noted on post- 
operative day 1, which resolved within 
24 hours. Because of bleeding from the 
pars plana sclerotomy site, three eyes 
had mild vitreous hemorrhage that set- 
tled inferiorly within the 1st hour post- 
operatively. No vitreous organization 
was observed over the subretinal le- 
sions. There was no evidence of sub- 
retinal blood leaking through the pi- 
pette track in any lesion. 

The 11 subretinal hemorrhages were 
initially convex, with a uniform, dense 
red appearance (Fig 1). They devel- 
oped a gravity-oriented serum-eryth- 
rocyte layering within 3 to 6 hours 
after hemorrhage. In all lesions, there 
was a central area of organized coagu- 
lum that did not settle into the inferior 
erythrocyte layer (Fig 2). Once 
formed, the inferior rim of erythro- 
cytes and the central organized lesion 
did not shift even with a change of 
head position for several hours. During 
the first 3 days, indirect ophthalmosco- 
py revealed retinal thickening, wrin- 
kling, and increased opacification ob- 
served over the central clot. At 7 and 
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14 days, the wrinkling was less promi- 
nent and the retina appeared less 
edematous over the lesion. 

Two additional hemorrhages were 
created into blebs containing tPA. 
Clinically these appeared similar to the 
study hemorrhages. They did not en- 
large or spread during the 1 hour of 
observation before enucleation. 

The five eyes from the control group 
(BSS bleb with no hemorrhage) were 
followed up for 1 hour, 7 days, or 14 
days. Mild inflammation was noted in 
the anterior segment on postoperative 
day 1. This resolved within 24 hours. 
The subretinal blebs were resorbed 
over 24 hours, leaving unremarkable 
clinical findings except for a small ta- 
petal mark identifying the previous 
pipette entry site. The hematologic 
and coagulation studies for all cats 
were within the normal ranges for our 
laboratory. 


Histopathologic Results 


In all subretinal hemorrhages, fibrin 
within the organized clot demonstrat- 
ed dense sites of interdigitation with 
photoreceptor outer segments (POSs). 
This occurred in a central area that 
corresponded to the area of organized 
coagulum seen clinically. Outside of 
this central clot, there was scattered 
fibrin without strand formation. In six 
of nine clots more than 1 hour old, the 
fibrin strands caused focal traction on 
POSs with resultant mechanical retinal 
damage. Throughout the subretinal le- 
sions, fibrin was identified morphologi- 
cally and by its approximately 22.5-nm 
banding pattern” seen with TEM. 

Within 25 minutes, fibrin was ob- 
served to interdigitate with the overly- 
ing photoreceptor layer (Fig 3). By 
1 hour, sheets of photoreceptor outer 
and inner segments were torn away 
from the overlying retina at regions of 
fibrin-POS interdigitation (Figs 4 and 
5). Neutrophils were prominent along 
the torn margins of the outer and inner 
segments. Except for this fibrin-asso- 
ciated damage, the retina overlying 
the blood at 1 hour appeared essential- 
ly normal by light and electron micro- 
scopic examination. Within the subret- 
inal space, the erythrocytes were 
packed centrally and bordered by the 
fibrin, platelets, leukocytes, and a rim 
of serous fluid. 

At 1 day, the retina from the outer 
nuclear layer inward showed minimal 
degenerative changes over the blood. 
A gravity-oriented differentiation of 
the subretinal clot was noted, with 
serous fluid present between the 
erythrocytes and the retina superiorly, 
while less fibrin and a denser packing 
of erythrocytes was seen inferiorly. 
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Fig 3.—Fibrin (arrows) in a 25-minute-old subretinal hemorrhage is identified in organized 
strands extending through the subretinal blood (b) to end in a dense attachment at the 
photoreceptor outer segments (Richardson's stain, original magnification x 125). Inset, Note 
the area of attachment of the fibrin strand to the photoreceptor outer segments and the presence 
of neutrophils along the organized fibrin strand (Richardson's stain, original magnification 
x 500). 


original magnification x 50). 


The clot appeared well organized, with 
macrophages, many leukocytes, and 
fibrin marginated over the central area 
of erythrocytes. Channels of fibrin 
were identified crisscrossing the cen- 
tral areas of blood, and torn sheets of 
POSs were seen displaced toward the 
center of the packed erythrocytes. A 
neutrophil response appeared promi- 
nent over the torn sections of POSs 
and along the remaining disrupted 
margins of the vacuolating inner seg- 
ments. By TEM, the photoreceptors 
appeared minimally vacuolated in ar- 
eas where they remained intact. The 





inner retinal layers appeared morpho- 
logically minimally affected by the un- 
derlying blood. 

The lesions on days 2 and 3 demon- 
strated notable organization of the 
clot. This continued to appear gravity 
oriented, with serum located superior- 
ly and erythrocytes packed inferiorly. 
The fibrin and leukocytic response was 
prominent at the erythrocyte-serum 
interface, or at the superior margin of 
the erythrocytes when the serum had 
resorbed. In the 2-day lesion, in which 
the serous component had resorbed, 
large retinal folds were adherent to 
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Fig 5.— Transmission electron micrograph of a 1-hour-old subretinal hemorrhage. This area of 
the clot demonstrates erythrocytes (e) bordered by a layer of lymphocytes, platelets, and fibrin. 
Note the fibrin (small arrows) interdigitating with the photoreceptor outer segments. Large 
arrows indicate torn surfaces where photoreceptor inner and outer segments separated from 
the remaining retinal layers (R) (original magnification x 1400). 
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Fig 6.—A 2-day-old subretinal hemorrhage demonstrating retinal folds adherent to fibrin bands 
(arrows) that crisscross the packed erythrocytes (e) (Richardsons stain, original magnification 
x 50). 


Fig 7.—A 3-day-old subretinal hemorrhage demonstrating the gravity-oriented clot organiza- 
tion and sheets of torn, displaced photoreceptor outer segments. Asterisk indicates the superior 
margin of the lesion. In this area, the serum has resorbed. The densest area of fibrin organization 
(arrows) is located at the erythrocyte-serum interface. More inferiorly in this lesion, packed 
erythrocytes (e) with less fibrin correspond to the settled erythrocytes as seen ina typical clinical 
picture (Fig 2). Boxed area is enlarged in Fig 8 (Richardsons stain, original magnification x 50). 
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fibrin bands, which may have been 
instrumental in their formation (Fig 6). 
Throughout this lesion, the photore- 
ceptors were intact, without any nota- 
ble areas of torn POSs. Only few small 
foci of fibrin associated individual pho- 
toreceptor tearing could be found on 
serial sectioning. The intact photore- 
ceptors showed vacuolization and de- 
generation. Both 3-day lesions demon- 
strated large sheets of torn POSs 
adherent to fibrin bands in the orga- 
nized area of clot as seen in Fig 7. Both 
hemorrhages showed some residual 
plasma superiorly, and one had promi- 
nent retinal folding. Phagocytic cells 
with ingested erythrocytes and POS 
debris were present in all three lesions 
in fibrin areas and along the entire 
outer retinal surface. The neutrophil 
response was less prominent than at 
1 day, particularly inferiorly in the 
lesions. Vacuolization of attached pho- 
toreceptor outer and inner segments 
was notable. The torn POSs were more 
significantly deteriorated, with degen- 
erating POSs interspersed in areas of 
material no longer characteristic of 
POSs (Fig 8). There was minimal inner 
retinal vacuolization. 

At 7 days, two separate retinal 
lesions in one eye demonstrated sig- 
nificant destruction of outer retin- 
al elements over the blood.The eryth- 
rocytes remained densely packed, with 
fibrin throughout. The POSs were torn 
from the retina over the entire surface 
of the clot in the larger lesion, with 
more severe degeneration of photore- 
ceptor outer and inner segments into 
an amorphous band of electron-lucent 
material (Fig 9). Minimal outer nuclear 
layer pyknosis and loss occurred cen- 
trally. The inner retina demonstrated 
some increasing vacuolization. Macro- 
phages were identified with ingested 
degenerated POSs and erythrocytes. 
A fibrous-neovascular membrane was 
identified originating from the choroi- 
dal stab site within one clot. In both 
lesions, fibrous cells appeared to orga- 
nize at the retina and clot margins. 
Retinal pigment epithelial (RPE) cells 
showed shortened apical microvilli, mi- 
tochondrial distortion, rounding of the 
apical surface, and reduplication 
centrally. 

By day 14, there was extensive se- 
vere destruction of the outer retinal 
layers over significant portions of the 
hemorrhagic detachment (Fig 10). In- 
creasing numbers of phagocytic cells 
were observed in the dense erythro- 
cyte layer and immediately overlying 
the RPE layer. In peripheral areas 
over the hemorrhage, photoreceptor 
outer and inner segments showed mild 
to severe vacuolization and shortening. 
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Superiorly where the serum had re- 
sorbed, there was minimal damage. In 
this area the retina appeared similar to 
control reattached blebs. The greatest 
damage occurred where the most 
dense fibrin had organized at the upper 
edge of the erythrocyte interface. At 
this site, there was atrophy and dis- 
organization of the outer retinal lay- 
ers, including the outer nuclear layer, 
with proliferation of fibrocytic cells 
into this area. In addition, the inner 
nuclear layer showed significant vac- 
uolization. Much less damage appeared 
in photoreceptors over packed eryth- 
rocytes inferiorly. Here the POSs 
demonstrated minimal vacuolization 
that progressively worsened with POS 
atrophy as one moved upward toward 
the area of the erythrocyte-fibrin in- 
terface. Beneath the entire lesion, the 
RPE demonstrated confluent vacuoles, 
disorganization of cytoplasm, and re- 
duplication that was more prominent 
centrally, where it was associated with 
overlying fibrocytic cells. 

In the 1-hour hemorrhages into the 
tPA solution, there was extremely 
minimal fibrin formation with no fibrin 
band formation. The overlying retina, 
including POSs, was intact. 

Evaluation of the RPE base and 
neurosensory retina overlying the con- 
trol BSS blebs by scanning electron 
microscopy demonstrated minimal 
pathologie changes from simple bleb 
formation. Fibrin strands coated the 
RPE, but few individual torn POSs 
were identified. Serial sections with 
light microscopic and TEM evaluation 
of these blebs showed no significant 
morphologie alterations. The control 
lesions demonstrated few focal struc- 
tural changes in the RPE and photore- 
ceptors, which have been reported by 
others in studies of experimental reti- 
nal detachment and reattachment. ™" 
Such findings included the following: at 
1 hour, apical mounding of RPE cells, 
and at 7 days, minimal POS shortening 
and irregularity and a few sites of 
RPE reduplication in focal residual mi- 
crodetachments of less than 20 jum. At 
14 days, no photoreceptor degenera- 
tion or atrophy was identified in the 
reattached BSS lesions. 


COMMENT 


This study demonstrates a model of 
hemorrhage beneath the holangiotie 
retina of the domestic cat. Identified 
within this model is a sequence of clot 
organization beneath the retina, asso- 
ciated retinal damage, and sites of 
progressive retinal degeneration dur- 
ing the first weeks after injury. This 
progressive, focally severe injury 
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Fig 8.— Transmission electron micrograph of a section of torn photoreceptor outer segments 
(open arrow) that were displaced centrally in the 3-day-old clot (Fig 7, open box). The segments 
still interdigitate with a meshwork of fibrin (solid arrow). Note the severe degeneration of 
photoreceptor outer segments with loss of identifiable cellular elements (original magnification 


x 2650). 





Fig 9.— Transmission electron micrograph of an area of 7-day-old subretinal hemorrhage. 
Fibrin (solid arrows) is identified interdigitating with amorphous material that resembles degen- 
erated outer segment material (seen also in Fig 7). The photoreceptor outer segments are 
separated in several areas from the overlying retinal layers (open arrows). The photoreceptor 
inner segments also show degeneration (original magnification x 1300). l 


occurred over 7 to 14 days after hem- 
orrhage. 

Previous studies of subretinal hem- 
orrhage have either used a merangiotic 
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(partially vascularized) retinal model 
or have not investigated the progres- 
sion of clot organization in the first 14 
days. Koshibu™ described the degra- 


727 


P ies - 


Mr ae. 


es lao 


zt A 


p SS Da 
d EAAS EnS? 





Fig 10.—A 14-day-old subretinal hemorrhage with focal retinal degeneration in areas overlying 
the resorbing central clot. Asterisk indicates the superior portion of the lesion. The entire lesion is 
not in the photograph. Minimal retinal damage is seen superiorly (S) where the serum has 
resorbed and inferiorly (I) over the packed erythrocytes. The retina overlying the serum- 
erythrocyte interface (F) demonstrates loss and disorganization of outer retinal layers (Richard- 


Sons stain, original magnification x 50). 


dation and resorption of erythrocytes 
over 6 months in the rat eye after the 
subretinal injection of a saline-blood- 
heparin mixture. He observed POS 
disruption after 2 days and inner seg- 
ment degeneration with pyknotic nu- 
clei at 20 days after blood injection. 
Because of heparinization, this study 
did not address the issue of the organi- 
zation of blood elements and the effects 
of clot formation on survival of the 
overlying retina. Glatt and Machemer" 
reported irreversible retinal degenera- 
tion in their rabbit model of subretinal 
hemorrhage within 24 hours. A notable 
finding was that the degeneration was 
more marked in nonvascularized reti- 
nal areas over the hemorrhage. Their 
examination of subretinal blood in a 
single cat at 3 days suggested less 
retinal degeneration than in the rabbit. 

In developing the technique to cre- 
ate subretinal hemorrhage in this 
study, we selected the transscleral 
technique of Glatt and Machemer and 
combined it with classic subretinal bleb 
formation to ensure minimal retinal 
damage in creation of these lesions. 
With the transscleral hemorrhage 
technique, a significant autologous 
hemorrhage could be consistently pro- 
duced. Maintaining a low intraocular 
pressure at the time of choroidal perfo- 
ration was an important factor in en- 
suring significant subretinal hemor- 
rhages. The pipette technique, with a 
low flow of volumetrie pumping, in- 
duced no significant mechanical injury 
to the neurosensory retina or RPE 
during bleb formation. Only focal inju- 
ry along the pipette track was identi- 
fied. This was verified by light micros- 
copy TEM, and scanning electron 
microscopy of fresh subretinal blebs. 
With this technique, there was no leak- 
age of subretinal blood through the 
retinal pipette hole. This was consis- 
tent with the observation of Marmor et 
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al" who demonstrated that with a 
micropipette tip of 40 to 50 jum, one or 
more pipette tracks had no influence 
on outflow of materials from a subret- 
inal bleb. 

This study was undertaken to deter- 
mine the early events associated with 
subretinal hemorrhage in a holangiotic 
model. The most striking finding in the 
Ist hour after hemorrhage was rapid 
formation of a fibrin clot. The density 
of the fibrin meshwork over and 
throughout the clot, although variable, 
was consistently associated with fibrin 
interdigitation with the photorecep- 
tors. The fibrin appeared to cause the 
most significant early abnormality due 
to mechanical shearing of the photore- 
ceptors in six of nine hemorrhages 
more than 1 hour old. In lesions where 
mechanical damage to photoreceptors 
did not occur, striking fibrin attach- 
ments were seen between clot and the 
overlying retina (Figs 3 and 6). The 
fibrin attachments and associated me- 
chanieal damage were absent in the 
relatively fibrin-free hemorrhages in 
which tPA was present at formation. 

By comparison, in the rabbit model 
of hemorrhage beneath merangiotic 
retina, Glatt and Machemer" noted 
fibrin within the subretinal blood but 
only minimal retinal changes (edema- 
tous photoreceptors) 1 hour after hem- 
orrhage. Perhaps the cat inflammatory 
or platelet response is significantly dif- 
ferent from that of the rabbit, or the 
holangiotic retina responds more rap- 
idly to induce significant fibrin 
organization. 

Fibrin effects also appeared to direct 
the areas of degeneration in lesions 
after the 1st day. The area of the most 
intense degeneration at days 3 through 
14 was over the coagulum at the eryth- 
rocyte-serum interface. This corre- 
sponded to the area of most abundant 
fibrin and most frequent tearing of 


POSs. Less retinal degeneration ap- 
peared above and below the fibrin- 
dense area. Indeed, the retina over 
densely packed erythrocytes in the in- 
ferior areas of the hemorrhage demon- 
strated relatively minimal histopatho- 
logic changes. This suggests that it is 
not the mere presence of erythrocytes 
as a barrier that causes the early se- 
vere degeneration, but rather fibrin 
and perhaps other inflammatory prod- 
ucts at the clot interface that are re- 
sponsible for retinal injury. 

One could interpret our findings as 
showing that the acute fibrin organiza- 
tion with the sequela of photoreceptor 
disruption induced the later focally se- 
vere retinal degeneration. Another in- 
terpretation could consider the degen- 
eration secondary only to the 
inflammatory response in this area. 
The inflammation, however, might be 
induced by cell disruption from fibrin 
mechanical damage. 

There is no evidence of significant 
direct retinal injury from creation of 
the hemorrhages, control blebs, or the 
nonfibrin tPA hemorrhages. In all le- 
sions, only the 40- to 50-um pipette 
track could be identified, along with a 
focal site of choroid and RPE disrup- 
tion corresponding to the penetration 
site. All histopathologic examination of 
early tissue demonstrated no direct 
injury to the retina. Delayed degener- 
ation was in an area much larger than 
the small perforation site. 

An interesting finding is the in- 
growth of fibrocytic cells in all 7- and 
14-day eyes and a single large orga- 
nized fibrovascular membrane at the 7- 
day period. Ryan" created similar 
transscleral subretinal hemorrhages 
while trying to produce subretinal neo- 
vascular membranes. The neovascular 
membranes were not consistently pro- 
duced in his model. 

This model of hemorrhage beneath 
the holangiotie retina could be useful 
for further studies of the cellular 
events involved in the degeneration of 
the retina over a clot. The results 
suggest that fibrin involvement in reti- 
nal damage should be more critically 
examined in the early interval after 
subretinal hemorrhage and that fibrin 
may be an important consideration in 
planning treatment or removal of such 
a subretinal hemorrhage. 

Early damage from subretinal hem- 
orrhage with fibrin formation might be 
a consideration in a human patient 
with an acute intraoperative subretinal 
hemorrhage. Removal of the blood be- 
fore the establishment of a fibrin scaf- 
fold may be an important aspect of 
visual recovery. The fibrin adhesions 
identified throughout the first 7 days 
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in the cat model suggest that surgical 
removal of such a subretinal clot may 
be inadvisable without the preceding 
use of a fibrinolytic agent. 

In this study, careful clinical exami- 
nation of the retina over clots revealed 
no difference in the appearance of le- 
sions that had photoreceptor tearing 
when compared with those in which no 
tearing occurred. In a patient it may 
be similarly difficult to identify wheth- 
er photoreceptor tearing has occurred 
or how extensive this may be. If large 
photoreceptor areas should be torn ina 
human patient, the retina may do poor- 
ly despite fibrinolytic injection or blood 
removal. The ability to reverse the 
pathologic sequelae of subretinal hem- 
orrhages with fibrinolytic agents is 
currently being studied in this labora- 
tory. The time for any attempted sub- 
retinal surgery would appear to be 
before the onset of irreversible dam- 
age, which would be at least before 7 
days in the domestic cat, or even possi- 
bly before the tearing of photorecep- 
tors occurs at 1 hour in this model. 


This study was supported by the US Army 
Medical Research and Development Command 
under Contract No. DAMD17-89-C-9026. Opin- 
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dations are those of the authors and are not 
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The eyes 
can be 
windows 
to alot 
more than 
the soul. 


Some of the most poetic 
passages throughout history 
have been written about 
the eyes. 

But this isn’t one of them. 


Ocular beta blockers can 
affect more than the eyes. 


Unfortunate, but true. 
Minutes after a single dose of 
an ocular beta blocker, the 
drug is detectable in the 
plasma of most individuals. 
That’s important when you 
consider that most glaucoma — io 
patients are elderly. With age 
comes a normal decline in 
physiologic function and 
increased susceptibility to 
systemic disease. And 
concomitant systemic s 
medication increases the 


likelihood of adverse drug T, 
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term maintenance of IOP 
reduction.’ A superior puln 
nary safety profile? Minim 
cardiovascular effects.° An 
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systemic side effects, inclu 
ing CNS effects.’ 

Doesn't it make sense to 
consider BETOPTICS wher 
treating the elderly glaucot 
patient? 


OPTIC’ S Sterile Ophthalmic Suspension has 


oduced minimal effects in patients with reactive airway 


ease; exercise caution in treating patients with 
cessive restriction of pulmonary function. Asthmatic 
acks and pulmonary distress have been reported 

ring betaxolol treatment. Although SER ee of 
me such patients with ophthalmic betaxolol have not 
versely affected pulmonary function test results, the 
issibility of adverse pulmonary effects in patients 
nsitive to beta blockers cannot be ruled out. 

Contraindicated in patients with sinus bradycardia, 
eater than a first-degree atrioventricular block, 
rdiogenic shock, overt cardiac failure or 
persensitivity to any component of this product. Use 
ution in treating patients with a history of cardiac 
lure or heart block. 

Observe patients receiving an oral beta blocker and 
TOPTIC S Suspension for potential additive effect on 
own systemic effects of beta blockade. Exercise cau- 
n in patients receiving catecholamine-depleting drugs 
ch as ee and adrenergic psychotropic drugs. 

BETOPTIC S Suspension has been well tolerated in a 
ajority of patients. Discomfort of short duration upon 
stillation may be experienced. Systemic reactions have 
ren reported rarely and a complete listing appears in 
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BETOPTIC® S (betaxolol HCI) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in Clinical studies. Caution should be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness), 
Major Surgery. Consideration should be given to the gradual withdrawal cf beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
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constriction of the pupil with a miotic agent. Betaxolo! has little or no effect on the pupil. When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
Impairment of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HCI demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 
mammalian cell assays, betaxolol HCI was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolo! HC! was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
Subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 

ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 
and anisocoria. Systemic: Systemic reactions following administration o* BETOPTIC S Ophthalmic 
Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 

OVERDOSAGE: No information is available on overdosage of humans. The oral LD50 of the drug 
ranged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 
are bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 
Suspension 0.25% may be flushed from the eye(s) with warm tap water 

CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 
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Chloroma 


A 6-year-old boy presented with a swol- 

len, ecchymotic left upper eyelid. Dur- 
ing the previous 4 weeks, his mother had 
noted gradual left upper eyelid swelling, 
and the left eye had appeared larger. Three 
days before assessment, the eyelid became 
ecchymotic. The child remained afebrile and 
was otherwise healthy. 

On examination, the child had an ecchy- 
motic, swollen left upper eyelid (Fig 1). The 
globe displayed proptosis (3 mm) and was 
displaced down. A mass was palpated along 
the superior-temporal orbital rim. Visual 
acuity, motility, and results of an ocular 
examination were normal. 

Computed tomography (Fig 2) revealed a 
well-defined growth in the superior-tempo- 
ral orbit with extension posteriorly. No 
bony erosion was present. 

Orbital pseudotumor, metastatic neuro- 
blastoma, rhabdomyoblastoma, and leuke- 
mic infiltration were considered in the dif- 
ferential diagnosis. Through an infrabrow 
rim incision, a biopsy specimen was re- 
moved. The tumor had a distinct greenish 
hue (Fig 3), suggesting chloroma. Histo- 
pathologic examination and staining for es- 
terase activity ^ confirmed the diagnosis of 
chloroma (granulocytie cell sarcoma, mye- 
loblastoma) (Fig 4). 


COMMENT 


Granulocytie cell sarcomas are un- 
common tumors comprising immature 
cells of the granulocytic series.'? They 
may develop with myeloblastic leuke- 
mia or precede it by weeks or 
months. These neoplasms typically ap- 
pear greenish owing to the pig- 


ment myeloperoxidase and are called 
chloromas.* 

Chloromas most often occur in the 
first 20 years of life and can be difficult 
to diagnose when appearing in a per- 
son without a known hematologic dis- 
order.” The prognosis was formerly 
dismal, with most patients dying with- 
in 6 months. With administration of 
newer chemotherapeutic agents, irra- 
diation, and a more aggressive ap- 
proach to treatment of these tumors, 
however, the prognosis continues to 
improve. 


DAVID R. JORDAN, MD, FRCSC 
LEON P. NOEL, MD, FRCSC 

BLAIR F. CARPENTER, MD, FRCSC 
Ottawa, Ontario 
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Fig 1.—Ecchymotic left upper eyelid. The left globe is displaced 
forward and down. 
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Fig 2.—Coronal (left) and axial (right) computed tomographic scans show an orbital tumor Fig 3.—The tumor at biopsy had a distinctive 
indistinguishable from the lacrimal gland or lateral rectus. There was no boney erosion. greenish hue. The arrow indicates the superi- 

or-temporal orbital rim. 
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| Fig 4.—Left, Biopsy specimen illustrating infiltration of the lacrimal gland by myeloblastic cells (hematoxylin 
phloxin-saffranin, original magnification x 84). Right, Sections show positive mmunostaining for myeloblas- 
tic cells (Leder stain, original magnification x 20). 
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Surgical Technique 


En Bloc Removal of Inflammatory Fibrocellular Membranes 


From the Iris Surface in Endophthalmitis 


Thomas R. Friberg, MD 


e Dense inflammatory  fibrocellular 
membranes may develop over the iris in 
an eye with endophthalmitis, completely 
obliterating any view of the posterior 
segment and hindering vitrectomy. To 
remove this debris, the edge of the mem- 
brane is first lifted from the surface of the 
iris with a small microvitreoretinal blade 
inserted through a limbal wound. The 
membrane is then engaged with an iris 
hook that is rotated until the debris is 
tightly wound on the shaft of the instru- 
ment. The iris hook is then removed from 
the anterior segment, delivering the in- 
flammatory debris en bloc. This tech- 
nique limits possible surgical trauma to 
the anterior segment and provides an 
excellent specimen for culture. 

(Arch Ophthalmol. 1991;109:736-737) 


S ome eyes with endophthalmitis de- 

velop a dense inflammatory mem- 
brane composed of fibrin and cellular 
debris covering the surface of the iris.’ 
This membrane may be several milli- 
meters thick, completely obscuring the 
pupil and all iris details. Removal of 
such inflammatory debris is essential 
for visualization of the posterior seg- 
ment and is required if vitrectomy is to 
be performed safely as part of en- 
dophthalmitis therapy. While alterna- 
tive methods to surgically remove such 
debris are available, the technique de- 
scribed herein is simple, requires no 
complex instrumentation, and mini- 
mizes surgical trauma to the anterior 
segment. 


SURGICAL TECHNIQUE 


If the existing corneoscleral wound is 
poorly apposed, it is resutured. If no inci- 
sion is present, a 1-mm microvitreoretinal 
blade or Ziegler knife wound is made at the 
limbus superiorly. The microvitreoretinal 
or Ziegler blade is placed through the lim- 
bal wound and inserted into the anterior 
chamber until the tip is positioned at the 
peripheral iris inferiorly. With the tip of the 
blade, the peripheral edge of the fibrin 
membrane is gently elevated away from the 
iris surface. A straight iris hook is then 
introduced through the incision and the 
lifted edge of the fibrin membrane is en- 
gaged with the hook (Fig 1) By gently 
rotating the hook, the membrane is rolled 





Accepted for publication January 23, 1991. 

From the Department of Ophthalmology, The 
Eye and Ear Institute, Pittsburgh, Pa. 

Reprint requests to The Eye and Ear Institute, 
Department of Ophthalmology, 203 Lothrop St, 
Pittsburgh, PA 15213 (Dr Friberg). 


736 Arch Ophthalmol— Vol 109, May 1991 


up on the shaft of the instrument as the 
hook is guided across the surface of the iris 
(Figs 2 and 3). Because most inflammatory 
membranes are elastic and malleable, they 
usually ean be coaxed out of a small limbal 
microvitreoretinal wound en bloc by slowly 
withdrawing the hook from the anterior 
chamber (Fig 4). If necessary, sterile air or 
a viscoelastic substance may be injected 
into the anterior chamber to maintain cham- 
ber depth, but these materials should then 
be removed and replaced by a balanced salt 
solution at the end of the case. Any sy- 
nechiae found between the intraocular lens 
or lens capsule are lysed with a cyclodialy- 
sis spatula introduced through the same 
wound after débridement of the iris. Final- 
ly, the limbal wound is closed with a 10-0 
suture, as necessary. 


COMMENT 


En bloc removal of fibrin mem- 
branes on the iris surface as described 
herein usually results in complete and 
rapid débridement of the anterior seg- 
ment. If these membranes are not 
completely removed, absorption of the 
remaining debris may be prolonged 
despite administration of appropriate 
antibioties and anti-inflammatory med- 
ieations. While the surgeon can elect to 
clear only the pupillary area, an 
opaque membro? ie is more likely to re- 
form across thc pupil if thick debris 
remains on the iris surface. Visualiza- 
tion of the posterior segment may then 
become difficult or impossible for sev- 
eral days, seriously limiting the ability 
of the surgeon to follow the course of 
the endophthalmitis. 

Dense inflammatory membranes can 
be removed from the anterior segment 
using other surgical approaches. If the 
eye has recently undergone cataract 
surgery, the corneoscleral wound can 
be reopened to allow the cornea to be 
folded back. Using a fine forceps, the 
membrane can simply be grasped and 
peeled from the iris surface. Such ma- 
nipulation of the cornea, however, of- 
ten induces additional corneal edema 
that hinders posterior segment visual- 
ization. In addition, the edges of the 
infected corneal wound are often fria- 
ble, and if no corneoscleral wound is 
present, one must be made to allow the 
introduction of forceps. 

Alternatively, the tip of a vitrec- 
tomy cutting instrument can be placed 
into the anterior segment through a 
small limbal incision, allowing the 


membrane to be removed in a piece- 
meal fashion. However, the fibrin 
membrane often creates a physical 
barrier between the anterior and pos- 
terior segments, preventing fluid from 
the posterior segment from flowing 
anteriorly around the pupillary mar- 
gin. Hence, conventional placement of 
the infusion cannula through the pars 
plana results in rapid shallowing of the 
anterior chamber when the vitrectomy 
suction-cutting probe is used in the 
anterior chamber. A coaxial infusion 
cannula placed around the vitrectomy 
tip or a separate anterior segment 
infusion cannula will prevent the cham- 
ber from collapsing. Unfortunately, 
such direet infusion and manipulation 
of the anterior segment promote cor- 
neal edema, especially if the procedure 
is prolonged. 

In pseudophakic eyes, a vitrectomy 
probe can be introduced into the ante- 
rior segment via the pars plana 
through an opening made in the pupil- 
lary portion of the membrane. While it 
is sometimes possible to remove the 
fibrin membrane completely by ma- 
nipulation of the tip of the vitrectomy 
probe and using a combination of suc- 
tion and cutting, overzealous suction 
can flatten the anterior chamber. Fur- 
thermore, the surgical maneuvers re- 
quired to remove the fibrin with this 
approach may dislocate the intraocular 
lens. 

I prefer to use the en bloc technique 
to completely remove inflammatory 
membranes. No bleeding, tearing of 
the iris, or other complications were 
encountered with this technique in 
eight consecutive cases. As an added 
benefit, the procedure provides an ex- 
cellent surgical specimen for histologic 
examination and bacterial culture. In 
one case, the membrane itself was the 
only material that yielded a positive 
culture  (Propionibacterium acnes), 
while cultured specimens from the 
aqueous humor and the vitrectomy 
cassette containing vitreous and lens 
debris yielded no organisms.* 
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Fig 1.—A 1-mm wide microvitreal retinal blade is introduced near the 
12-o'clock meridian either through a preexisting cataract wound or 
through its own entrance wound. The peripheral edge of the fibrocellu- 
lar membrane has been lifted off the iris surface with the tip of the 
blade, and a straight iris hook is inserted through the limbal incision in 
place of the blade to engage the membrane. 


Fig 3.—As the inflammatory membrane is rolled up, the shaft of the 
hook is translated slowly across the surface of the iris to avoid placing 
excess tension on the membrane and possibly tearing it. 
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Fig 2.— The iris hook is rotated slowly, rolling the membrane gradually 
onto the shaft as the membrane is disengaged from the iris by the 
gently induced traction. 


Fig 4.— The hook is removed from the anterior chamber, delivering 
the inflammatory membrane intact. 
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NOW OPTI-FREE PATIENTS CAN CLEAN 
WHILE THEY DISINFECT. 


New OPTI-FREE Enzymatic Cleaner works overnight in OPTI-FREE Solution. 
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Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is wpdated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive months and 
should be received at least 5 months prior to date of course, eg, for a June course by Jan 1 
to be included in the March, April, and May issues. A course held between the first and 
14th days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
600 N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


CALIFORNIA Contact: Mireya Jones, PCOOS Manager, 115 
W California Blvd, Suite 405, Pasadena, CA 

91105; (818) 564-8114 

Next Step to Phaco At: Coronado Dates: 6/28/91 
to 6/29/91 Sponsor: IOLAB Corp Contact: Tami 
Willems, IOLAB Corp, 500 IOLAB Dr, Clare- 
mont, CA 91711; 1-800-423-1871, ext 3398 


An Intro to the Future of Aphakic Correction 
At: San Francisco Date: 5/18/91 Hrs Instr: 6 Reg 
Fee: $225 for phys, $25 for ATPO members, $35 
for tech(s) Sponsor: 3M Vision Care Contact: 

Three Steps to Phaco At: Coronado Dates: 3M Corp; 1-800-543-3653 

6/28/91 to 6/29/91 Contact: Tami Willems, 

IOLAB Corp, 500 IOLAB Dr, Claremont, CA 

91711; 1-800-423-1871, ext 3398 


Pacific Coast Oto-Ophthalmol Soc 75th Ann 
Mtg At: Monterey Dates: 6/15/91 to 6/19/91 


Phys Educ Prgm At: Sa» Francisco Dates: 
7/26/91 to 7/27/91 Contact: Tami Willems, 
IOLAB Corp, 500 Iolab Dr, Claremont, CA 
91711; 1-800-423-1871 or 1-800-352-1891 (inside 
Calif), ext 3398 


MANHATTAN Eye, EAR & THROAT HOSPITAL 
1991 CME COURSES 


MEETH ALUMNI BIENNIAL MEETING 


Course Directors: Eric Donnenfeld, M.D., Vincent Giovinazzo, M.D., 
Jason Slakter, M.D.This course provides a comprehensive review 

of current diagnostic & therapeutic 

ophthalmic techniques. 


MASTERS OF CATARACT SURGERY 

Course Director: Jack M. Dodick, M.D. 

This course will use LIVE SURGICAL TECHNIQUES to update the 
cataract surgeon on the latest trends in cataract and implant 
surgery. Extracapsular surgery, phacoemulsification, capsularhexis, 
small incision lens implant techniques and management of 
complications will be covered. 


+ 


CME Category I Accreditation available. All courses will be held at Manhattan Eye, Ear & Throat Hospital in New York City. 
For further information contact: Kimberly Corbin, Course Coordinator, Department of Ophthalmology, 
Manhattan Eye, Ear & Throat Hospital, 210 East 64th Street, New York, New York 10021 (212) 605-3761 FAX (212) 753-7699 





1991 Ophthalmol: Updates & Workshops for 
the Clinician At: Stanford Date: 6/1/91 Spon- 
sor: Dept of Ophthalmol, Stanford Univ Con- 
tact: CE Prgms, Dept of Ophthalmol, A-157, 
Stanford Univ Med Ctr, Stanford, CA 94305- 
5308; (415) 725-7269 


The Basic Sci Course in Ophthalmol at Stan- 
ford Univ At: Stanford Dates: 7/1/91 to 8/29/91 
Reg Fee: $1750 Contact: Basic Sci Course, 
Peter R. Egbert, MD, Dir, Dept of Ophthalmol, 
A-157, Stanford Med Ctr, Stanford, CA 94305- 
5308; (415) 725-7269 (Susan Marsh) 


FLORIDA 


Management of Retinal Vascular Disease 
Workshop At: Orlando Date: 6/22/91 Reg Fee: 
$400 Contact: Valerie Peterson, Laser Surg 
Educ Group, PO Box 27326, Salt Lake City, UT 
84127; 1-800-245-5229, ext 2036 


HAWAII 


Curr Ophthalmol: A Review for the Prac Oph- 
thalmologist At: Kamuela Dates: 8/3/91 to 
8/10/91 Hrs Instr: 28.25 Reg Fee: $630 Contact: 
B. Johnson, USC Sch of Med, 1975 Zonal Ave, 
Los Angeles, CA 90033; (213) 342-2545; FAX 
(213) 342-2152 


Second Ann West Assn for Vitreoretinal Educ 
Mtg At: Maui Dates: 7/8/91 to 7/10/91 Contact: 
Bev Hawkyard, North Bay Vitreoretinal Consul- 
tants, 1260 N Dutton Ave, Suite 160, Santa 
Rosa, CA 95401; (707) 575-5353 


Ophthalmol Update Course At: Mauna Lani 
Dates: 12/1/91 to 12/5/91 Reg Fee: $495 Contact: 
(Continued on p 741.) 
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Jules Stein Eye Institute 
UCLA School of Medicine 


and 


Doheny Eye Institute 
USC School of Medicine 
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Doheny Eye Institute 


MEDICAL AND SURGICAL 
RETINA IN THE 1990s 


October 11-12, 1991 


Prior to the American Academy 
of Ophthalmology meeting | 


Course Directors 


Hilel Lewis, M.D. 
Stephen J. Ryan, M.D. 


The Beverly Hilton Hotel 
Beverly Hills, California 





Course Faculty 


Gary Abrams, M.D. 

George Blankenship, M.D. 
Mark Blumenkranz, M.D. 
Stanley Chang, M.D. 
Gabriel J. Coscas, M.D. 
Donald J. D'amico, M.D. 
Stuart L. Fine, M.D. 

H. MacKenzie Freeman, M.D. 
J. Donald Gass, M.D. 

Bert M. Glaser, M.D. 

Lee M. Jampol, M.D. 

Peter Leaver, M.D. 

Harvey A. Lincoff, M.D. 
Brooks W. McCuen, II, M.D. 
Travis A. Meredith, M.D. 
Robert P. Murphy, M.D. 
Carmen A. Puliafito, M.D. 
Howard Schatz, M.D. 

Yasuo Tano, M.D. 

William S. Tasman, M.D. 
Matthew A. Thomas, M.D. 
Michael T. Trese, M.D. 
Lawrence A. Yannuzzi, M.D. 


UCLA Ophthalmology 
Faculty and USC 
Ophthalmology Faculty 


This intensive and practical course will cover the 
most recent advances and innovations, contro- 
versies, and management of medical and surgical 
retinal problems such as age-related macular 
degeneration, complicated retinal detachments, 
choroidal neovascularization, cystoid macular 
edema, diabetic retinopathy, dislocated intraocular 
lenses, endophthalmitis, giant retinal tears, 
inflammatory and infectious retinitis, intraocular 
tamponade, lasers, macular holes, proliferative 
vitreoretinopathy, and retinopathy of prematurity 
among others. National and international speakers 
will address each subject with lectures and audio- 
visual presentations. Active audience participation 
in discussions will be encouraged. 


Registration Fee, $500.00 

CME Category 1 Credit, 16 hours 
For Information: 

Gretchen Falvo 

Director of Academic Programs 


Jules Stein Eve Institute 


100 Stein Plaza, UCLA 

Los Angeles, California 90024-7000 
U.S.A. 

(213) 825-4617 

(213) 206-3652 FAX 


The New York Hospital - Cornell University Medical College 


DEPARTMENT OF OPHTHALMOLOGY presents... 





Advances in Cornea and External Diseases 
SATURDAY, JUNE 29, 1991 


URIS AUDITORIUM lil THE NEW YORK HOSPITAL CORNELL UNIVERSITY MEDICAL COLLEGE 
YORK AVENUE AT 69TH STREET ll NEW YORK, N.Y. 


ACULTY 


Course Directors: 
Olivia N. Serdarevic, M.D. 
Calvin W. Roberts. M.D. 


TOPICS 





External Disease 

Infectious Disease +e Mucous Mem- 
brane Diseases * Ocular Surface 
Surgery * AIDS * Herpes Simplex 

e Herpes Zoster ¢ New Drugs and 
Delivery Systems * Collagen Shields 


Guest Faculty 

C. Stephen Foster, M.D. 
Mitchell Friedlaender, M.D. 
Kenneth Kenyon, M.D. 
Peter Laibson, M.D. 

Neal Sher, M.D. 

Walter Stark, M.D. 


Cornea 


Degenerations & Dystrophies ¢ Dry 


Eye * Endothelial Decompensation 
e Corneal Transplantation ¢ Graft 
Rejection * Triple Procedures * IOL 
Indications ¢ Anterior Segment 
Reconstruction * Pediatric Corneal 


Disease * Excimer Laser Therapeutic 
Surgery * Contact Lens Complications 


REGISTRATION | 


Fee $175 ¢ Residents & Fellows $75 * Contact Ms. Becky Lewis, Dept. of Ophthalmology 


The New York Hospital-Cornell Medical College 
1300 York Avenue * New York, N.Y. 10021 » (212) 746-2860 
AMA - CME 6.5 credit hours (category I) 


The New York Hospital - CUMC 
Faculty 

Stephen Bloomfield, M.D. 
Murk-Hein Heinemann, M.D. 
Norman Medow, M.D. 

Calvin Roberts, M.D. 

Olivia Serdarevic, M.D. 

Michael Starr, M.D. 


Refractive Surgery 

Topographical Analysis « Excimer Laser 
Surgery * Astigmatic Keratotomy 

* Epikeratophakia 
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Emily Varnell, LSU Eye Center, 2020 Gravier 
St, Suite B, New Orleans, LA 70112; (504) 568- 
6100, ext 336 


ILLINOIS 


An Intro to the Future of Aphakic Correction 
At: Chicago Date: 6/15/91 Hrs Instr: 6 Reg Fee: 
$225 for phys, $25 for ATPO members, $35 for 
tech(s) Sponsor: 3M Vision Care Contact: 3M 
Corp; 1-800-543-3653 


Fourth Ann Univ of Illinois (UIC) Eye Ctr Con- 
tact Lens Course: Basic & Adv Topics At: 
Chicago Dates: 6/21/91 to 6/22/91 Reg Fee: $100 
Contact: Contact Lens Conf Registrar, UIC 
Confs & Insts (M/C 607), Box 6998, Chicago, IL 
60680; Tel: (312) 996-5225; FA X: (312) 996-5227 


26th Ann Mtg of the Am Soc of Contemporary 
Ophthalmol Combined Mtg With the 15th In- 
ternat! Glaucoma Cong & 10th Internat! Assn 
of Ocular Surgeons At: Chicago Dates: 6/27/91 
to 6/30/91 Hrs Instr: 28 Contact: John G. Bel- 
lows, MD, PhD, 233 E Erie St, Suite 710, 
Chicago, IL 60611; (312) 951-1400 


MICHIGAN 


The 63rd Ann Ophthalmol Spring Postgrad 
Conf: Lasers in Ophthalmol: Applications & 
New Developments At: Ann Arbor Dates: 
5/11/91 to 5/18/91 Hrs Instr: 13 Contact: Angela 
C. Voeller, Office of CME, G-1100 Towsley Ctr- 
Box 0201, Univ of Michigan Med Sch, Ann 
Arbor, MI 48109-0201; (313) 764-2288 


14th Ann Alumni Mtg: Res & Clin Presentations 
At: Detroit Dates: 5/31/91 to 6/1/91 Reg Fee: 





$165 Contact: David D. Bogorad, Dept of 


Ophthalmol, Henry 
48202; (313) 876-3241 


'ord Hosp, Detroit, MI 


MISSOURI 


Excimer Laser Course, Didactic & Wet Lab, 
With Clin Update on Retinal Laser Therapy At: 
Kansas City Dates: 6/7/91 to 6/8/91 Sponsor: 
Dept of Ophthalmol, Univ of Missouri-Kansas 
City Seh of Med Contact: John W. Irvine, MD, 
Eye Found of Kansas City, 2300 Holmes, Kansas 
City, MO 64108; (816) 881-6150 


Rigid Gas Permeable Lens Prac Today & To- 
morrow At: St Louis Dates: 7/20/91 to 7/21/91 
Contact: Bobbette Ceasar, Univ of Missouri, St 
Louis Sch of Optometry, CE-Ext, 8001 Natural 
Bridge Rd, St Louis, MO 63121-4499; (314) 553- 
5604 or Judie Walter, RGP Lens Inst (314) 553- 
6235 


NEW YORK 


A Clin Day in Ophthalmol: Neuro-Ophthalmol 
Problems: Surg Solutions At: East Elmhurst 
Date: 5/22/91 Hrs Instr: 7 Sponsors: Depts of 
Ophthalmol, Long Island Jewish Med Ctr & 
North Shore Univ Hosp/Cornell Med Ctr Con- 
tact: Ann J. Boehme, Assoc Dir for CE, Long 
Island Jewish Med Ctr, New Hyde Park, NY 
11042; (718) 470-8650 


Pediatric Ophthalmol Symp At: New york Date: 
5/25/91 Sponsor: Dept of Ophthalmol, Manhat- 
tan Eye, Ear & Throat Hosp Contact: Kimberly 
Corbin, Course Coord, Dept of Ophthalmol, 
MEETH, 210 E 64th St, New York 10021; (212) 
605-3761; FAX (212) 753-7699 


What trends exist 


Diagnostic Imaging of the Eye & Orbit: Ultra- 
sound, CT & MRI At: New York Dates: 5/31/91 
& 6/1/91 Contact: Suzanne Woods, RN, Dept of 
Ophthalmol, The New York Hosp-Cornell Med 
Ctr, 525 E 68th St, New York, NY 10021; (212) 
746-2504 


The Fourth Ann Paul Henkind Day Ophthalmol 
Symp: Ocular Trauma At: New York Date: 
6/7/91 Hrs Instr: 6.5 Reg Fee: $225 Contact: 
Danny Flood, Albert Einstein Coll of Medicine/ 
Montefiore Med Ctr, Office of CME, 3301 Bain- 
bridge Ave, Bronx, NY 10467; (212) 920-6674 


Masters of Cataract Surg At: New York Dates: 
6/7/91 to 6/8/91 Sponsor: Dept of Ophthalmolo- 
gy, Manhattan Eye, Ear & Throat Hosp Con- 
tact: Kimberly Corbin, Course Coord, Dept of 
Ophthalmol, MEETH, 210 E 64th St, New York, 
NY 10021; (212) 605-3761; FAX (212) 753-7699 


Adv in Cornea & External Diseases At: New 
York Date: 6/29/91 Hrs Instr: 6.5 Reg Fee: $175; 
residents & fellows, $75 Contact: Becky Lewis, 
Course Coord, Dept of Ophthalmol, The New 
York Hosp-Cornell Univ Med Coll, 1300 York 
Ave, New York, NY 10021; (212) 746-2860 


15th Ann Sem of the Rochester Eye Inst At: 

Rochester Dates: 6/13/91 to 6/14/91 Contact: 
Catherine Sgabellone, RN, Rochester Eye Inst, 
919 Westfall Rd, Rochester, NY 14618; (716) 
461-8427 


N CAROLINA 


The Duke Eye Ctr Spring Symp At: Durham 


Dates: 5/16/91 to 5/18/91 Reg Fee: $150 for 
ophthalmologists, $100 for residents, fellows & 
allied health personnel Contact: George An- 
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e number of groups 

* group size 

e specialty composition 

e geographic distribution 

e organizational characteristics 


Here's how you can order your copy now! 
Order this latest version of Medical Groups in the U.S. — A Survey of 


Available now. .. Medical Groups in the U.S. — A Survey of Practice 
Characteristics 1990 Edition is the ideal reference for anyone interested in 
current trends or involved with planning for the ongoing success of an 
existing group. 


| Medical Groups in the U.S. is the only source of comprehensive information 
| on medical groups. It summarizes and analyzes the latest survey data and 
*l census information for more than 16,000 medical groups throughout the 

country. 


Backed by the authority of the AMA 
The data you'll find in this reference is derived from the AMA Masterfile, 
the only database maintained on all U.S. physicians. 


Some specific areas of information addressed in the book: 

* managed care impact 
* hospital relationships 
e medical facilities 

* business equipment 


Practice Characteristics 1990 Edition. Order Number OP 390390. 





AMA Member $60, Non-member $90. Call 1-800-621-8335 and charge 
payment to your MasterCard or Visa. 
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The Osler Institute 


Ophthalmology Boards Review Course 


November 15-20, 1991 — St. Louis 
April 2-8, 1992 — Chicago 


Now, your course for written and oral exams offers unlimited mock orals 


OBJECTIVES 


e Improve basic and clinical knowledge in ophthalmology 
è Assist residents and fellows to study efficiently 
e Prepare candidates to take their board examinations 


METHODS 


e HOME STUDY assignments with questions and answers 
e SEMINAR with projection-slide lecture and syllabus 
e PRACTICE EXAMS with oral and written parts 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount,| "Accommodations were comfortable....""* 


not only from world-famous authorities but from people who are relatively unknown as well."* 


Fundamentals 
Anatomy 
Biochemistry 
Physiology 
Pharmacology 


Anterior Segment 
Anterior Angle 
Glaucoma 
Lens and Trauma 


Optics and Refraction 
Ophthalmic Optics 
Refractive Errors 
Instruments 
Clinical Refraction 


Posterior Segment 
Retina and Vitreous 
Laser Surgery 
Macula 
Vascular Disease 


Neuro-ophthalmology 
Neuroanatomy 
Optic Nerve 
Visual Pathways 
Pupillomotor System 
Oculomotor System 


P.O. Box 2218 
Terre Haute, IN 47802 


1094 Dawn Lane, Dept 105 


Ocular Surface 
External Disease 
Cornea 
Conjunctiva and Sclera 


Pediatric Eye 
Congenital Disorders 
Genetic Disorders 
Strabismus 


Intraocular 
Inflammation 
Uveal Tract 
Ocular Tumors 


Orbit and Adnexa 
Orbit and Eyelids 
Lacrimal System 
Plastic Surgery 


Medical Problems 
Immunology 
Endocrinology 
Systemic Diseases 
Emergencies 


Ophthalmic Pathology 
Adnexa and Orbit 
External Eye 
Anterior Segment 
Posterior Segment 


FACULTY 


Devron Char, M.D. 
Professor of Ophthalmology 
Univ. of Calif., San Francisco 


Robert Feder, M.D. 


Assoc. Prof. of Ophthalmology 


Northwestern University 
Donald Gagliano, M.D. 


Director of Retina and Vitreous 


Letterman Army Med. Ctr. 
Geoffrey Gladstone, M.D. 


Co-Dir. of Oculoplastic Service 
Wm. Beaumont Hosp., Detroit 


Robert Granadier, M.D. 
Staff Ophthalmologist 


Wm. Beaumont Hosp., Detroit 


David Guyton, M.D. 
Professor of Ophthalmology 
Johns Hopkins University 


F. Kapetansky, M.D. 


Assoc. Prof. of Ophthalmology 


Ohio State University 
Irene Magramm, M.D. 


Clin. Instructor, Ophthalmology 


Comell University 
Joel Miller, M.D. 


Clin. Instructor, Ophthalmology 


Wayne State University 


Thomas Stevens, M.D. 
Professor of Ophthalmology 
University of Wisconsin 


Howard Tessler, M.D. 
Assoc. Prof. of Clin. Ophth. 


University of Illinois, Chicago 


Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 














Name 
Address 
City/State/Zip 
Phone 
E For: [] Nov. 15-20, 1991 — St. Louis 
Mail today to: [ April 2-8, 1992 — Chicago 


[] Check is enclosed for $ 


[] Please send FREE SAMPLE 
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COURSE AND LOCATION: The course 
is held the week before written and oral 
exams in the exam city. Home study ques- 
tions will be sent before the course — which 
will include lectures and syllabus. Also, 
you may buy unlimited half-hour one-on- 
one mock oral exams. The optional extra 
day, November 21, includes one mock oral 
exam and observation of seven or more 
hours of other exams. Past participants 
recommend taking the course well before 
your exam and repeating for half price the 
week before your exam. The course hotel 
will be chosen in competitive bidding to 
achieve the best combination of reasonable 
price and excellent study environment. 


" „and those little extras...."* 


LOWEST AIR FARES: Call Reliable 
Travel toll-free at 1-800-548-8185 and 
identify yourself with this Osler course. 


"Ihe most education for the money..."* 


FEES AND CATEGORY 1 HOURS: 
ePhysician or Resident: Phy. Res. Hrs. 


e Six day course: $720 $480 60 

repeating within 2 years: $360 $360 60 
è Extra mock orals day: $150 $150 8 
e Mock oral exams: $70 $70 1/2 
e Private mock orals: $100 $100 1/2 


© Add 10% within 10 days of the course. 

e Attendees not in course hotel add $20/day. 

e A deposit of $50 will reserve your position. 

e Subject to a $50 fee, refunds will be made up 
until the seminar begins. 

e Most home study materials will be mailed 
after half of the registration fee is received. 


"home study material was extremely helpful."* 


ACCREDITATION: Cornell University 
Medical College designates this Continuing 
Medical Education activity for up to 68 
credit hours in Category 1 of the 
Physician's Recognition Award of the 
American Medical Association. 


"I feel [the course] helped me pass..."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 


(800) 356-7537 ox (812) 299-5658 


* Comments by past Osler participants 


(Continued from p 741.) 
drews, Duke Eye Ctr, Box 3802, Durham, NC 
21110; (919) 684-6743 


OHIO 


Neuro-Ophthalmol 1991 At: Cleveland Date: 
6/7/91 Hrs Instr: 6.5 Reg Fee: $125 Sponsor: 
Dept of Neurology, Div of Neuro-Ophthalmol, 
Case Western Reserve Univ Sch of Med & Univ 


Hosps of Cleveland Contact: John Rus, Office of 


CME. 2109 Adelbert Rd, W-175, Cleveland, OH 
44106; (216) 368-2409 


Ocular, Adenexal & Orbital Infections & Inflam- 
mation Dis At: Cleveland Dates: 6/13/91 to 
6/15/91 Contact: The Cleveland Clin Educational 
Found, Dept of CE, PO Box 94977, Cleveland, 
OH 44195-5241; (216) 445-9406 or 1-800-762-8173 


TEXAS 


Management of Retinal Vascular Disease 
Workshop At: Houston Date: 5/18/91 Reg Fee: 
$400 Contact: Valerie Peterson, Laser Surg 
Educ Group, PO Box 27326, Salt Lake City, UT 
84127; 1-800-245-5229, ext 2036 


Phacoemulsification & Small Incision IOLs: 
Lecture & Lab Course At: Houston Dates: 
8/2/91 to 8/3/91 Contact: Carol J. Soroka, Prgm 
Coord, Office of CE, Baylor Coll of Med, One 
Baylor Plaza, Houston, TX 77030; (713) 798-6020 


UTAH 


Vascular Disease 
City Date: 7/13/91 Reg 


Management of Retinal 
Workshop At: Salt Lake 


University of Southern California 
School of Medicine Postgraduate Division 
and the Department of Ophthalmology 


Present 


CURRENT OPHTHALMOLOGY: 
A Review for the Practicing Ophthalmologist 


Subspecialties Included: 


* Anterior Segment Surgery 


Glaucoma 


Neuro-Ophthalmology and Orbit 


Ophthalmic Plastic and 


Reconstructive Surgery 
Pediatric Ophthalmology and 


Strabismus 
Retina Vitreous 
Ultrasonography 


August 3-10, 1991 


Fee: $400 Contact: Valerie Peterson, Laser 
Surg Edue Group, PO Box 27326, Salt Lake 
City, UT 84127; 1-800-245-5229, ext 2036 


WASHINGTON 


Resident Alumni Day(s) At: Seattle Date: 6/1/91 
Hrs Instr: 7 Reg Fee: none Contact: Resident 
Alumni Day(s), Univ of Washington (RJ-10), 
Dept of Ophthalmol, Seattle, WA 98195 


WISCONSIN 


Curr Concepts in Ophthalmol At: Kohler Dates: 
6/7/91 to 6/9/91 Hrs Instr: 10.5 Reg Fee: $275 
prior to 4/1/91, $325 after 4/1/91 Sponsor: The 
Eye Inst-Med Coll of Wisconsin & the Wisconsin 
Acad of Ophthalmol Contact: Gary W. Abrams, 
MD, Med Coll of Wisconsin, 8700 W Wisconsin 
Ave, Milwaukee, WI 53226; (414) 251-5353 


Adv Vitreoretinal Symp At: Milwaukee Dates: 
7/25/91 to 7/27/91 Reg Fee: $400, by May 15; $450 
after May 15; $200, residents/fellows Contact: 
William F. Mieler, 
Wisconsin, 8700 W Wisconsin Ave, Milwaukee, 
WI 53226; (414) 257-5544 


FOREIGN 


17th Ann Mtg/The American Assn for Pediatric 

Ophthalmol & Strabismus At: Montreal, Que- 
bec, Canada Dates: 5/15/91 to 5/19/91 Contact: 
Tricia Stevens-Petras, 305 Twin Ridge Lane, 
Richmond, VA 23235; (804) 320-2833 


Atlanta, GA 
Hershey, PA 


New York, NY 


Mauna Kea Beach Hotel, Kamuela, Hawaii 


Tuition: $630.00 


28.25 AMA/CMA Category | Credit 


For registration or information: B. Johnson, USC School of 
Medicine, 1975 Zonal Avenue, Los Angeles, CA 90033. 
Telephone: (213) 342-2545 or FAX (213) 342-2152 





MD, Eye Inst/Med Coll of 





MEDICAL 


COLLEGE 


OF WISCONSIN 
EYE INSTITUTE 


Thomas Aaberg, M.D. 
George Blankenship, M.D. 


Stanley Chang, M.D. 


For further information, contact: 
Eye Institute / Medical College of Wisconsin 
8700 W. Wisconsin Ave., Milwaukee, WI 53226 e (414) 257-5544 


Canadian Implant Assoc 17th Ann Mtg At: 
Montreal, Quebec, Canada Dates: 6/14/91 to 
6/15/91 Contact: Marvin L. Kwitko, MD, Prgm 
Chairman, 5591 Cote des Neiges Rd, Montreal, 
Quebec, Canada, H3T 1Y8; (514) 735-1133 


Natl Res Symp on Contact Lenses At: Toronto, 
Ontario, Canada Dates: 8/9/91 to 8/11/91 Spon- 
sor: Bausch & Lomb Contact: Bausch & Lomb, 
Attn: Ms Sue Cornell, Travel & Mtg Dept, 1400 
N Goodman St, Rochester, NY 14692; 1-800-344- 
8815, ext 8341 


Palpebral, Lacrimal & Orbital Surg Problems & 
Complications At: Nice, France Dates: 6/7/91 
to 6/8/91 Sponsor: Internatl Symp of Ophthal- 
mie Plastic Surg Contact: P. Ritleng, 10 rue du 
Congres, 06000 Nice, France; Tel: 93.88.89.22; 
FAX: 93.82.32.30 


The 24th Panhellenic Ophthalmological Con- 
gress With Internatl Participation: Technology 
in Ophthalmol At: Corfu, Greece Dates: 5/24/91 
to 5/27/91 Sponsor: Hellenic Ophthalmological 
Soc Contact: President, Prof S. Liarikos, Secre- 
tariat of the 24th Panhellenic Ophthalmological 
Congress, 10, Loukianou St, 106 75 Athens, 
Greece; Tel: (01) 72.30.841 & 72.28.784; FAX: 
(01) 72.18.276 


Biomaterials in Ophthalmol: Second Interdisci- 
plinary Symp At: Florence, Italy Date: 7/4/91 
Contact: Piera Versura, MD, Inst of Ophthal- 
mol, Univ of Bologna, Via Massarenti 9, 40138 
Bologna, Italy; Tel: +51-342821; FAX: +51- 
538711 


ADVANCED 
VITREORETINAL 


SYMPOSIUM 


July 25—27, 1991 


The Hyatt Regency 
Milwaukee, WI 


Course Director 
William F. Mieler, M.D., FACS 





Guest Faculty 

Harry W. Flynn, M.D. 
Miami, FL 

Brooks McCuen, M.D. 
Durham, NC 


Michael T. Trese, M.D. 
Royal Oak, MI 


Relya Zivojnovié, M.D. 


Antwerp, Belgium 





Vitreoretinal Faculty, The Medical College of Wisconsin 
Gary W. Abrams, M.D. 
Thomas C. Burton, M.D. 

REGISTRATION LIMITED * CME Credits Available 

Early Registration (by 5/15/91)-$400 
Late Registration-$450 Residents/Fellows—$200 


Dennis P. Han, M.D. 
William F. Mieler, M.D. 


William F. Mieler, M.D. 
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Because progress 
at Alcon” keeps moving... 


$^ 


^ 
J 


, 


OUI NEW 


MicroSmooth Probe 
stands still. 
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Introducing the 
New Alcon | 
MicroSmooth Probe | 


Now you can enjoy minimal probe vibration for maximum 
control with the new Alcon MicroSmooth Probe. This latest | 
advance in probe technology from Alcon is compatible with Hi E 
your MVS system or can be an upgrade to your SERIES TEN | 

THOUSAND*OCUTOME.* Because our engineers have 
internalized and fine-tuned all moving parts in this new 
probe design, all unwanted external movement is 


- » 


eliminated, so you can enjoy smoother cutting tip action. "n M 
The Alcon MicroSmooth Probe for the MVS | : 

. . . d e 

or OCUTOME. One more innovation from our ongoing i : 
commitment to you, because we don't stand still = 

at Alcon...but our new MicroSmooth Probe does. nm M 
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Alcon 


SURGICAL 


S eal 


As far ashe eye cam 





Alcon Surgical, Inc., 6201 South Freeway, Fort Worth, TX 284294 
1-800-TO ALCON (1-800-862-5266) 


©Copyright, Alcon Surgical, Inc., 1991 
MVS 008 





Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
_c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1Time 3Times 

or more” 
Cost per word $1.05 $ .95 
Minimum ad: 20 words. per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
"New York" and "Salt Lake City." Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words "Box , C/O 
AOP" are to be counted as three words. 

Classified Display 1Time 3 Times 
Full page $655 $603 
Two-thirds page 561 516 
One-half page 495 456 
One-third page 393 362 
One-sixth page 262 241 
Column inch 90 75 


Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $15.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 O 813-443-7666 








Professional Opportunities 


OHIO — Fun group needs BC/BE general ophthal- 
mologist. Five to nine weeks vacation, $110,000- 
$200,000* net, benefits, malpractice insurance, 
operating expenses, partnership. Small town in 
northwest Ohio, one hour from major metro area, 
excellent schools. Call: (800) 765-3055, Cejka & 
Company, Suite 700, 222 South Central, St. Louis, 
MO 63105. Attention: Perry Robinson. 
Clinic The Moses Lake Clinic, a divi- 


[Ex sion of Wenatchee Valley Clinic, 


is seeking a general ophthalmologist to join a busy estab- 
lished practice. Excellent surgical volume. Guaranteed 


Moses OPHTHALMOLOGIST 
Lake WASHINGTON 


salary and partnership track available. Excellent benefit 
package. Family oriented community with a large rural 
service area. Abundant four-season recreational oppor- 


tunities. Contact: 


R. Bennion, MD 
Moses LAKE CLINIC 
840 Hill Avenue, Moses Lake, WA 98837 


MAINE — Exceptional opportunity for BC/BE oph- 
thalmologist to join established ophthalmology 
practice in beautiful northern New England. Refer- 
ral base 400,000 with 120,000 in immediate area. 
Wide ranging cultural, academic and recreational 
opportunities. Modern, well equipped office adjoin- 
ing growing medical center with extensive diagnos- 
tic and laboratory services. Association with oppor- 
tunity for partnership. Send CV to: Jean H. Tibbetts, 
MD, Suite 230, 417 State Street, Bangor, ME 04401. 


HUTCHINSON CLINIC, 2101 North Waldron, 
Hutchinson, KS 67502. (316) 669-2626. A forty-two 
physician multi-specialty group practice serving 
central and western Kansas is seeking a board- 
eligible or -certified ophthalmologist as the second 
member in a growing, busy practice. Existing servi- 
ces include glaucoma testing, visual fields, fluor- 
oscein angiograms, cryopexy, and contact lens dis- 
pensing. Specialties provided by the group to 
support a busy eye practice include family practice, 
internal medicine, neurology and pediatrics. Ancil- 
lary services include diagnostic x-ray, CT, MR anda 
comprehensive medical laboratory which is state 
licensed and Medicare certified. An excellent oppor- 
tunity in a dynamic practice 45 miles from Wichita. 
Hutchinson Clinic is located across the street froma 
modern, well equipped and staffed 230-bed hospi- 
tal. Please send your CV to: Administrator, Hutchin- 
son Clinic. Position open immediately. 


BUSY OPHTHALMOLOGIST (with cornea sub- 
specialty) looking for associate. Beautiful town of 
Lancaster, Pennsylvania, with latest diagnostic and 
OR equipment, 11⁄4 hours from Philadelphia and 
Baltimore. Fully automated office. Unusual op- 


portunity for exciting practice and ideal family 
life-style. For further information, send CV and 
salary expectations to: Barton L. Halpern, MD, 
1532 Lititz Pike, Lancaster, PA 17601. 





RETINA — Excellent opportunity for subspecialist 
to join dynamic high-volume medical/surgical prac- 
tice in Pittsburgh, Pennsylvania. Several offices with 
extensive in-house equipment, including lasers. 
Outstanding referral base. Attractive salary. Part- 
nership potential. Fellowship training in retina 
desirable. Contact: Kelly McMahon, Daniel Stern 
and Associates, Suite 240, 211 North Whitfield 
Street, Pittsburgh, PA 15206. (800) 438-2476 or (412) 
363-9700. 


PLEASE NOTE —Address replies to box number 
ads as follows: Box number , C/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 















Professional Opportunities 


CORNEA: Cornea group seeks associate for high 
volume surgical" bfactice, limited to cornea and 
external disease. Fellowship required. Contact: 
Theodore Perl, MD, Corneal Associates of New 
Jersey, (201) 736-1313. 


VITREO-RETINAL SPECIALIST. Ophthalmology 
group practice in Wilmington, Delaware, thirty min- 
utes from Philadelphia, seeks fellowship-trained 
vitreo-retinal specialist. Existing staff includes 
specialists in retina, oculoplastics, and neuro- 
ophthalmology. Good referral base. Modern, well 
equipped office with friendly cohesive staff. Family 
oriented community. Excellent salary leading to 
partnership. Call Mary Ann O'Flynn at (302) 652- 
3353. Or send curriculum vitae to: Eye Physicians 
and Surgeons, P.A. at 1207 North Scott Street, Wil- 
mington, DE 19806. 


VITREO-RETINAL SURGEON. Full-time BC/BE 
retina specialist (medical/surgical) needed for 
expanding ophthalmology department with fully- 
accredited ophthalmology residency program in 
Baltimore, Maryland. The position includes resident 
teaching as well as patient care and research at the 
newly opened Krieger Eye Institute, part of Sinai 
Hospital of Baltimore. Competitive salary and bene 
fits along with opportunity to practice in brand new, 
state-of-the-art facility. Please send CV to: Harold R. 
Katz, MD, Chairman, Search Committee, The Krieger 
Eye Institute, Sinai Hospital of Baltimore, Belvedere 
at Greenspring, Baltimore, MD 21215-5271. 


RETINAL SPECIALIST 


Board-eligible/-certified retinal ophthalmologist to join our 
six-physician ophthalmic group practice. Our group 
practice is located 1'/« hours northwest of Philadelphia, 
Pennsylvania. Excellent medical community and family 
environment. Modern, well-equipped office with certified 


ancillary staff. The position offers excellent salary and 

fringe benefits with opportunity for partnership. Interested 

individuals should send curriculum vitae to: Mr. David L. 

O'Donnell, West Reading Ophthalmic Associates, 206 

South Sixth Avenue, West Reading, PA 19611. 
Telephone: (215) 378-1348. 





AUSTIN, MINNESOTA has an immediate need for 
an ophthalmologist to join a busy general practice. 
Associate with an established clinic in an attractive, 
mid-sized community of 23,000. First year guaran- 
tee plus generous incentives. Contact: Jerry Hess or 
Bill Tendle, LifeSpan, 800 East 28th Street, Minnea- 
polis, MN 55407. (800) 248-4921. 


OPHTHALMOLOGIST: GENERAL — Preferred vitreo- 
retinal. Leading New York City eye center, busy 
surgical practice, excellent salary and future. Fully 
equipped facility. P.O. Box 20M, 220 East 65th 
Street, New York City, NY 10001. 


SOLO PRACTICE —General ophthalmology. Profit- 
able high per capita income west Texas. Modern 
office equipment, minor operating suite, microscope, 
ultra sound, micro surgical instruments. Two hospi- 
tals, good schools, college and university. High 
practice expansion potential in pediatrics and 
surgery. Box $635, c/o 2. 


> 


ed 


FOREIGN MEDICAL GRADUATE: Traine 
UK hospitals. Excellent CV, six years experience in 
all surgical specialties in Ophthalmology: Wide sur- 
gical experience. tlave ECFMG, green card holder, 
seeks residency or other appropriate position, ref- 
erences available. Box 4640, c/o AOP. 
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Academic Opthalmologist: 
GLAUCOMA 


Southern Illinois University School of Medicine in 
Springfield, Illinois, has an academic ophthalmology 
position open for an individual specializing in 
glaucoma. Requirements for the position include 
competency in teaching, an interest in basic science 
or clinical research, completion of a one-year 
fellowship in glaucoma and board-certification or 
board-eligibility in oprfhalmology. Individuals hired 
to alternate rank positions may subsequently be 
considered for transfer to a tenure-eligible faculty 
rank under appropriate circumstances, as set forth in 


the School of Medicine guidelines. Curriculum vitae 
and letter of inquiry should be sent to: 


Lance P. Steahly, MD 
Professor and Chairman 


Southern Illinois University 
School of Medicine 
Division of Ophthalmology 
Department of Surgery 


Post Office Box 19230 
Springfield, IL 62794-9230 


Southern Illinois University School of Medicine is an 
equal opportunity/affirmative action employer. 








Positions Available 


MIDWEST RETINA PRACTICE in major metropoli- 
tan area seeks another associate. Excellent facilities 
with academic affiliation. Send resume in confi- 
dence to: Box #637, c/o AOP. 








Practices Available 


OREGON —Suburban Portland general ophthal- 
mology practice for sale. Associate shares expenses; 
six-figure earnings on 3-4 day workweek. Call: (503) 
228-5336, evenings or weekends. 


PRACTICE FOR SALE — Established general oph- 
thalmology practice available in southern Califor- 
nia, San Fernando Valley. Call: (818) 783-6536. 


FLORIDA GENERAL OPHTHALMOLOGY practice. 
Turn key operation. Seller wishes to retire after 
twenty years eye surgery/medicine in northeast 
Florida oceanside community. Box 4641, c/o AOP. 








Fellowships 


NEURO-OPHTHALMOLOGY FELLOWSHIP avail- 
able for 1991-92, beginning July 1, 1991. Salary and 
benefits paid. Qualified candidates should respond 
with current CV to: B.K. Farris, MD, Dean A. McGee 
Eye Institute, University of Oklahoma HSC, Depart- 
ment of Ophthalmology, P.O. Box 26901, Oklahoma 
City, OK 73190-2008. 


CORNEA FELLOWSHIP: A ONE-YEAR fellowship 
in cornea and external diseas@’is offeréd-which will 
provide significant medieal, and surgical training. 
Surgical experience will'include Corneal transplan- 
tation, intraocular lens exchange, keratomileusis, 
lamellar keratoplasty procedures, hydrogel inlays, 
and keratoprosthesis.*Inyolvement*in. current and 
new research activities is encouraged. Interested 
applicants contact: Francis W. Price, Jr., MD; or 
William E. Whitson, MD, Corneal Consultants of 
Indiana, 9002 North Meridian Street, Suite 100, 
Indianapolis, IN 46260. 






Postdoctoral 
Fellowship 


Francis I. Proctor Foundation 
University of California, 
San Francisco 


The Francis I. Proctor Foundation for Research 
in Ophthalmology conducts a oné- to two-year 
training program offering advanced medical, 
surgical and research training in infectious and 
inflammatory diseases of the eye. Laboratory 
and clinical research is an integral part of the 
training program and includes studies on 
chlamydiae, herpes viruses, toxoplamosis, and 
diagnostic microbiology. 


Ongoing programs of the Foundation include 
clinical trials and research projects focused 
on ocular inflammatory diseases. Research 
support is available through individual appli- 
cations to the NIH and other agencies. U.S. 
candidates should be board-qualified 
ophthalmologists or postdoctoral scientists. 
However, applicants from outside the U.S. are 
also encouraged to apply. 


Applications for July 1992 fellowships will be 
accepted until September 1, 1991. For further 
information and application forms, please 
write to: 





Chandler Dawson, MD, Director 
F.I. PROCTOR FOUNDATION 
University of California 

San Francisco, CA 94143-0412 
Telephone: (415) 476-1441 






Ophthalmologist 


Southern Illinois University School of Medicine in 
Springfield, Illinois, has an academic ophthalmology 
position open for an individual specializing in 
oculoplastics. Requirements for the position include 
competency in teaching, an interest in basic science or 
clinical research, completion of a six-month or one- 
year fellowship in oculoplastics and board-certification 
or board-eligibility in ophthalmology. Individuals 
hired to alternate rank positions may subsequently be 
considered for transfer to a tenure-eligible faculty rank 
under appropriate circumstances, as set forth in the 
School of Medicine guidelines. Curriculum vitae and 
letter of inquiry should be sent to: 


Lance P. Steahly, MD 
Professor and Chairman 
Southern Illinois University 
School of Medicine 

Division of Ophthalmology 

Department of Surgery 
Post Office Box 19230 
Springfield, IL 62794-9230 


Southern Illinois University School of Medicine is an equal 
opportunity/affirmative action employer. 













Academic 


























Fellowships 


CORNEAL FELLOWSHIP for 1992 — New York. 
Available for training in cornea, refractive surgery 
and contact lenses with involvement in surgery and 
research. Reply with CV to: Dr. Penny Asbell, The 
Mount Sinai School of Medicine, Box 1183, One 
Gustave L. Levy Place, New York, NY 10029-6574. 
Telephone: (212) 241-7977. An equal opportunity 
employer. 














Faculty Positions 


FACULTY POSITION: Medical Retinal Diseases. 
The Division of Ophthalmology at MetroHealth 
Medical Center is seeking a fellowship trained med- 
ical retina specialist, with interest in general oph- 
thalmology. Duties will include patient care, resi- 
dent and medical student teaching, and research. 
Candidate must be board-certified or -eligible. Posi- 
tion includes a full-time academic appointment at 
the Case Western Reserve School of Medicine. For 
further information contact: William E. Cappaert, 
MD, Division of Ophthalmology, MetroHealth Medi- 
cal Center, 3395 Scranton Road, Cleveland, OH 
44109. Telephone: (216) 459-4253. MetroHealth 
Medical Center and Case Western Reserve Univer- 
sity are equal opportunity employers. Women and 
minorities are encouraged to apply. 


Reach 20,583 
Ophthalmologists 


For advertising rates and 
information call Donna Hacker: 


(800) 237-9851 
(813) 443-7666 

























































BSS PLUS 


Sterile Intraocular Irrigating Solution 
(Balanced Salt Solution Enriched with Bicarbonate, Dextrose, 
and Glutathione) 


Optimal perfusion diet — 
for preserving endothelial health and integrity 


Bs Only BSS PLUS solution delivers a complete 
intraocular pogusiak diet 





Incomplete perfusion diet- Complete perfusion diet- 


Human cornea following 2 hoursof The effect of BSS PLUS solution on 

in vitro endothelial perfusion with human corneal endothelium after 

BSS solution. Marked swelling of 2 hours of in vitro perfusion. The result 
endothelial cells is apparent. is a smooth endothelium with intact 
SEM magnification 1000x.’ junctions. SEM magnification 100x.' 


Note: It is estimated that up to 81⁄2 hours are 
required for a reforming solution to be replaced 
by normal aqueous humor in the postop eye.” 
B A medium without equal for generating crystal clear corneas 
during and after surgery 


"s. Mis a oS ‘ 


B A unique and complete biological diet, containing: 
— five essential tons 
k — sodium bicarbonate for optimal endothelial pump function 

and nutrient transport 

— dextrose, an energy source for cell metabolism and 
transparent corneas 

— oxidized glutathione for protection against surgically 
induced oxidative stress 






8 Optimal pH and osmolality 


1. Edelhauser HF, Mac Rae SM. Intraocular irrigating solutions. In: Lamberts DW, Potter 


" 
É AI 
bs con Ophthalmic Pharmacology. Boston, Mass: Little, Brown, 1987:431-444. 


= SURGICAL — » McDermott ML, et. al. Ophthalmic Irrigants: A Current Review and Update. Ophthalmic da 
d October 1988, Vol. 19, No. 10:724-733. 
Innovation Please see brief summary of prescribing information on the next page. "EO 


Without Alcon Surgical, Inc., S201 South Freeway 
UAA SE Fort Worth. TX 76134 








BSS PLUS* 
(Balanced Salt Solution Enriched with 
Bicarbonate, Dextrose and Glutathione) 
Sterile Intraocular Irrigating Solution 


DESCRIPTION: BSS PLUS? is a sterile intraocular irrigating solu- 
tion for use during all intraocular surgical procedures, even those 
requiring a relatively long intraocular perfusion time (e.g., pars 
plana vitrectomy, phacoemulsification, extracapsular cataract ex- 
traction/lens aspiration, anterior segment reconstruction, etc). 


The solution does not contain a preservative and should be pre- 
pared just prior to use in surgery. 


Part |: A sterile 480 mln in a 500 mL single-dose bottle to 
which the Part II concentrate is added. Each mL of Part | contains: 
Sodium Chloride 7.44 mg, Potassium Chloride 0.395 mg, Dibasic 
Sodium Phosphate 0.433 mg, Sodium Bicarbonate 2.19 mg, Hydro- 
chloric Acid and/or Sodium Hydroxide (to adjust pH), in Water for 
Injection. DM-00 

Part Il: A sterile concentrate in a 20 mL single-dose vial for addition 
to Part |. Each mL of Part II contains: Calcium Chloride Dihydrate 
3.85 mg, Magnesium Chloride Hexahydrate 5 mg, Dextrose 23 mg, 
Glutathione Disulfide (Oxidized Glutathione) 4.6 mg, in Water for 
Injection. DM-00 


After addition of BSS PLUS Part II to the Part | bottle, each mL of 
reconstituted product contains: Sodium Chloride 7.14 mg, Po- 
tassium Chloride 0.38 mg, Calcium Chloride Dihydrate 0.154 mg, 
Magnesium Chloride Hexahydrate 0.2 mg, Dibasic Sodium Phos- 
phate 0.42 mg, Sodium Bicarbonate 2.1 mg, Dextrose 0.92 mg, 
Glutathione Disulfide (Oxidized Glutathione) 0.184 mg, Hydro- 
chloric Acid and/or Sodium Hydroxide (to adjust pH), in Water for 
Injection. 


The reconstituted product has a pH of approximately 7.4. Osmo- 
lality is approximately 305 mOsm. 


CONTRAINDICATIONS: There are no specific contraindications to 
the use of BSS PLUS, however, contraindications for the surgical 
procedure during which BSS PLUS is to be used should be strictly 
adhered to. 


WARNINGS: For IRRIGATION during ophthalmic surgery only. BSS 
PLUS is NOT for injection or intravenous infusion. 


PRECAUTIONS: DO NOT USE BSS PLUS UNTIL RECON- 
STITUTED. Do not use Part l if it does not contain a vacuum. Do not 
use additives other than Part Il. Do not use if Part |, Part II or the 
reconstituted solution is discolored or contains a precipitate. SINCE 
BSS PLUS IS INTENDED FOR INTRAOCULAR IRRIGATION, IT 
DOES NOT CONTAIN A PRESERVATIVE AND, THEREFORE, 
SHOULD NOT BE USED FOR MORE THAN ONE PATIENT. DIS- 
CARD ANY UNUSED SOLUTION SIX HOURS AFTER PREPARA- 
TION. Studies suggest that intraocular irrigating solutions which 
are iso-osmotic with normal aqueous fluids should be used with 
caution in diabetic patients undergoing vitrectomy since intra- 
operative lens changes have been observed. 


There have been reports of corneal clouding or edema following 
ocular surgery in which BSS PLUS was used as an irrigating solu- 
tion. As in all surgical procedures, appropriate measures should be 
taken to minimize trauma to the cornea and other ocular tissues. 


ADVERSE REACTIONS: Postoperative inflammatory reactions as 
well as incidents of corneal edema and corneal decompensation 
have been reported. Their relationship to the use of BSS PLUS has 
not been established. 


OVERDOSAGE: The solution has no pharmacological action and 
thus has no potential for overdosage. However, as with any intra- 
ocular surgical procedure, the duration of intraocular manipulation 
should be kept to a minimum. 


U.S. Patent Nos. 4,443,432 and 4,550,022 
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While every precaution is taken to ensure accuracy, we cannot guarantee 
against the possibility of an occasional change or omission in the prepara- 
tion of this index. 





BUT RETIREMENT 
ULTIMATELY REACHES 
OUT TO ALL OF US 


When should | retire, how do | retire, 
where should | retire, what does it 
"cost," have | saved enough, what 
will inflation do to me, what can | do 
in my spare time, what do others do 
in retirement, can my spouse 
"stand" me in retirement, can my 
spouse "retire" also? 


DON'T TURN YOUR 
BACK ON THESE 
QUESTIONS... 


someday they will have to be 
answered. 


THE AMERICAN 
ASSOCIATION 
OF SENIOR 
PHYSICIANS 


can help you get more out of your 
later years— medical retirement is 
our specialty, our ONLY specialty. 


Get practical, authoritative, 
knowledgeable information to assist 
you in YOUR retirement. 


e Bimonthly Newsletter 

* Retirement Planning Seminars 

e Literature Resource Center 

e Part-time work or volunteer 
ideas 

e Interesting travel opportunities 

* Health Insurance 

e Various medical magazines, 
auto rental & hotel discounts 

e Guidelines for disposing of a 
practice 


For a membership application and 
more details, write or call: 
American Association 
N of Senior Physicians 
S 515 N State 


Chicago, IL 60611 
E. 312-464-2460 





FML Forte? 


(fluorometholone) 0.25% 
Liquifilm® sterile ophthalmic suspension 


INDICATIONS AND USAGE: FML Forte is indicated for the 
treatment of corticosteroid-responsive inflammation of the pal- 
pebral and bulbar conjunctiva, cornea and anterior segment of 
the globe. 

CONTRAINDICATIONS: 

e Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, 
varicella, and other viral diseases aaibes: ornea and conjunctiva. 
e Tuberculosis of the eye. 

e Fungal diseases of the ocular structures. 

* Hypersensitivity to any component of the medication. 
WARNINGS: Corticosteroid medication in the treatment of 
patients with a history of herpes simplex keratitis (involving the 
stroma) requires great caution; frequent slit lamp microscopy is 
mandatory. Prolonged use may result in glaucoma, with damage 
to the optic nerve, defects in visual acuity and fields of vision, 
and/or in posterior subcapsular cataract formation. It may also 
aid in the establishment of secondary ocular infections from 
fungi or viruses liberated from ocular tissues. In diseases 
causing thinning of the cornea or sclera, perforations have been 
known to occur with the use of topical corticosteroids. Acute 
purulent untreated infection of the eye may be masked or 
activity enhanced by the presence of corticosteroid medication. 
PRECAUTIONS: General: As fungal infections of the cornea are 
particularly prone to develop coincidentally with long-term local 
corticosteroid applications, fungal invasion must be suspected 
in any persistent corneal ulceration where a corticosteroid has 
been used or is in use. As with other corticosteroids, frequent 
intraocular pressure checks are warranted since a significant 
increase in IOP may occur in a small percentage of patients 
treated with FML Forte. Carcinogenesis, mutagenesis, 
impairment of fertility: No studies have been conducted in 
animals or in humans to evaluate the possibility of these effects 
with fluorometholone. Pregnancy Category C: Fluorometholone 
has been shown to be teratogenic and embryocidal in rabbits 
when given in doses approximating the human dose and above. 
There are no adequate and well-controlled studies in pregnant 
women. Fluorometholone should be used during pregnancy only 
if the potential benefit outweighs the potential risk to the fetus. 
Fluorometholone was ocularly applied to both eyes of pregnant 
rabbits at various dosage levels on days 6 to 18 of gestation. A 
significant dose-related increase in fetal abnormalities and in 
fetal loss was observed. Nursing Mothers: It is not known 
whether topical ophthalmic administration of corticosteroids 
could result in sufficient systemic absorption to produce 
detectable quantities in breast milk, nevertheless, the physician 
should consider having the patient discontinue nursing while the 
drug is being administered. Pediatric Use: Safety and 
effectiveness in children have not been established. ADVERSE 
REACTIONS: Adverse reactions include, in decreasing order of 
frequency, elevation of intraocular pressure (IOP) with possible 
development of glaucoma and infrequent optic nerve damage; 
loss of visual acuity or defects in fields of vision; posterior 
subcapsular cataract formation; delayed wound healing; and 
conjunctival erythema. The following have also been reported 
after the use of topical corticosteroids: Secondary ocular 
infection from pathogens liberated from ocular tissues and, 
rarely, perforation of the globe when used in conditions where 
there is thinning of the cornea or sclera. 


= ALLERGAN PHARMACEUTICALS 
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THERE ARE OVER 
2,000,000 
REASONS 
TO PRESCRIBE 
FML FORTE 


| GH, There are an estimated 2,000,000 undiagnosed glaucoma cases in the 
YY ,^* « population at large which, when treated with a steroid for ocular 
^. inflammation, may be at risk of IOP increase. 
. Because of the potential of steroids to raise intraocular pressure rapidly, 
Hr we "choose the steroid that takes a significantly longer average time to produce 
a rise in IOP than dexamethasone 0.1%. 
Fluorometholone 0.25% has been proven just as effective as prednisolone acetate 1.0% 


in controlling mild to moderate inflammation.’ ® 
So for effective ocular inflammation therapy, orte 
prescribe FML Forte Suspension. (f uorometholon e) 0.25% 


ror more than just afew good reasons. — : Editia sterile ophthalmic suspension 


Corticosteroids are capable of producing a rise in IOP. In clinical studies of documented steroid responders, fluorometholone demonstrated a 2 aud 
longer average time to produce a rise in IOP than dexamethasone phosphate; however, in a smal! percentage of individuals, a significant rise in IOP 
occurred within one week. The ultimate magnitude of the rise was equivalent for both drugs. Please see adjacent page for brief prescribing information. 


1. Data on file, Allergan, Inc. 
£- ALLERGAN PHARMACEUTICALS Allergan Pharmaceuticals, A Division of Allergan, Inc., Irvine, CA 92713 
` ©1991 Allergan, Inc. 
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Retinal Detachments in Patients With 
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 Betoptic E 


(Det | | HUI Sterile Ophthalmic 
(Det aXQ 0 Suspension, 0.25% 
For POAG and E hypertensive 
patients where treatment is indicated 


The S is for Strength 


Strength of drug 
delivery 


e Patented technology slows release and 
increases retention of drug in the eye 


e The amount of betaxolol delivered to 
the aqueous humor by the 0.25% sus- 
pension is equal to that delivered by the 
0.5% solution 


e Efficacy equivalent to 0.596 solution has 





Strength of improved 
comfort 


e Active drug is released more slowly to 
the cornea, resulting in improved 
patient comfort 


Strength of beta- 1* 
safety 


been demonstrated in clinical trials 
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= Sodium ion 
2 CEN retation of 
 BETOPTIC* $ 


. technology 
3 TY ions i in the tear film 


lon-exchange resin 
(Amberlite) 


u 
Co 


Betaxolol ions 


(betaxolol HCI) 


seni UON Soris Ophthalmic 


Suspension pate 


displace betaxolol molecules 


- from the delivery matrix, slowly 
Bes ice them to be absorbed 


through the corneal tissue, 
improving comfort. BETOPTIC S 


—. remains in the eye longer, allow- 


ing equivalent bioavailability 


between the 0.25% suspension 


s and 0.5% solution. 


*Beta-1 selectivity is not absolute. 


BETOPTIC® S Sterile Ophthalmic Suspension has produced minimal 
effects in patients with reactive airway disease; exercise caution in 
treating patients with excessive restriction of pulmonary function. 
Asthmatic attacks and pulmonary distress have been reported during 
betaxolol treatment. Although rechallenges of some such patients 
with ophthalmic betaxolol have not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in 
patients sensitive to beta-blockers cannot be ruled out. 


PLEASE SEE BRIEF SUMMARY OF PRESCRIBING INFORMATION ON THE NEXT PAGE. 


©1991 Alcon Laboratories. Inc. 


e Offers the safety advantages of a selec- 
tive ocular beta-blocker 


e Does not significantly compromise heart 
rate or pulmonary function 


e CNS side effects are rarely reported 


Contraindicated in patients with sinus bradycardia, greater than a 
first degree atrioventricular block, cardiogenic shock, overt cardiac 
failure, or hypersensitivity to any component of this product. Use 
caution in treating patients with a history of cardiac failure, heart 
block, and patients receiving adrenergic psychotropic drugs or 
catecholamine-depleting drugs such as reserpine. Observe patients 
receiving an oral beta-blocker and BETOPTIC® S suspension for pos- 
sible additive effect on known systemic effects of beta-blockade. 


© 
Fh fg ehga ALCON LABORATORIES, INC 
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— . BETOPTIC?® S betaxolol Hc!) 0.25% as base Sterile Ophthalmic Suspension 


= DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
~ cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 

= INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 

—  . effective in lowering intraocular pressure and may be used in patients with chronic open-angle 

glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 

— pressure lowering medications. 

Xi CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
* Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
= atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 

- .. A WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 

—  . occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 

including death due to bronchospasm in patients with asthma, and rarely death in association with 
.. A cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
-. . BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
~ blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
EE. failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
. . discontinued at the first signs of cardiac failure. 
= PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
-— . A with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
R ~- . with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
. adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
. . Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
"Hs withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
— Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 

EL - consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 

= Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 

M agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 

=  adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
A treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 

— . reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 

ET f rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
_ function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 

» . Cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
= erally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 

= effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 

^n d observation of the patient is recommended when a beta blocker is administered to patients receiving 

catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 

TE .. production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 

K caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 

== patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
À = constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When 
-.—  - BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
. closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 

Impairment of Fertility: Lifetime studies with betaxolol HC! have been completed in mice at oral 

doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HC! demonstrated no 

carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 

mammalian cell assays, betaxolol HCl was nonmutagenic. Pregnancy: Pregnancy Category C. 
=~ Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 

~ administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 

.. loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolol HC! was 

not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 

C subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 

2 BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 

the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because 

 ... many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 

Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 

^ ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 

Š BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 

: conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 

foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 

"n discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 

with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 

and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic 

a Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 

Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 
. OVERDOSAGE: No information is available on overdosage of humans. The oral LD50 of the drug 

iy ranged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 

are bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 

Suspension 0.25% may be flushed from the eye(s) with warm tap water. 

. . CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 

- . US. Patent Nos. 4,252,984; 4,311,708; 4,342,783;4,911,920. 
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While every precaution is taken to ensure accuracy, we cannot guarantee 
against the possibility of an occasional change or omission in the prepara- 
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“The AMA is an organization that is 
interested in every single aspect of my 
life as a physician, from education to tort 
reform. And the AMA has played a lead- 
ing role in issues such as smoking and 
drug abuse. 

"[he organization has never lost sight of 
what I think its primary goal is: to improve 
the public health. And they do that in 
terms of providing information and repre- 
sentation not only to the profession, but to 
the public. 

“I think that doctors who don’t belong 
dont realize it, but they benefit every day 
from actions that the AMA is taking." 

Join Dr. Charles H. Epps, Jr., Dean of 
Howard University College of Medicine, in 
the AMA. Call this toll-free number now. 


-o00-AMAS211 


American Medical Association (° 2") 











Pred-G? 


(prednisolone acetate, gentamicin sulfate) 
Liquifilm9 sterile ophthalmic suspension 


INDICATIONS AND USAGE: Pred-G suspension is indicated 
for steroid-responsive inflammatory ocular conditions for which a 
corticosteroid is indicated and where superficial bacterial ocular 
infection or a risk of bacterial ocular infection exists. Ocular steroids 
are indicated in inflammatory conditions of the palpebral and bul- 
bar conjunctiva, cornea, and ariere segment of the globe where 
the inherent risk of steroid use in certain infective conjunctivitises is 
accepted to obtain a diminution in edema and inflammation. They 
are also indicated in chronic anterior uveitis and corneal injury from 
chemical, radiation, or thermal burns or penetration of foreign 
bodies. The use of a combination drug with an anti-infective com- 
posen is indicated where the risk of superficial ocular infection is 

igh or where there is an expectation that potentially dangerous 
numbers of bacteria will be present in the eye. The particular anti- 
infective drug in this product is active against the following common 
bacterial eye pathogens: coagulase-positive and coagulase-negative 
staphylococci, including Staphylococcus aureus, and certain strains 
that are resistant to penicillin; Group A beta-hemolytic and nonhemo- 
lytic streptococci, and Streptococcus pneumoniae; Escherichia coli; 
Hemophilus influenzae; Klebsiella/ Enterobacter species; Neisseria 
species, including Neisseria gonorrhoeae; Pseudomonas aeruginosa; 
indole-positive and indole-negative Proteus species; and Serratia 
marcescens. CONTRAINDICATIONS: Epithelial herpes simplex 
keratitis (dendritic keratitis), vaccinia, varicella, and many other viral 
diseases of the cornea and conjunctiva. Mycobacterial infection of 
the eye. Fungal diseases of the ocular structures. Hypersensitivity 
to a component of the medication. (Hypersensitivity to the antibiotic 
component occurs at a higher rate than for other components.) Pred- 
G suspension is always contraindicated after uncomplicated removal 
of a corneal foreign body. WARNINGS: Prolonged use may result 
in glaucoma, with damage to the optic nerve, defects in visual acuity 
and fields of vision, and in posterior subcapsular cataract forma- 
tion. Prolonged use may suppress the host response and thus increase 
the hazard of secondary ocular infections. In those diseases causing 
thinning of the cornea or sclera, perforations have been known to 
occur with the use of topical steroids. In acute purulent conditions 
of the eye, steroids may mask infection or enhance existing infec- 
tion. If these products are used for 10 days or longer, intraocular 
pressure should be routinely monitored even though it may be difficult 
in children and uncooperative patients. Employment of a steroid 
medication in the treatment of patients with a history of herpes 
simplex requires great caution. Pred-G suspension is contraindicated 
in patients with active herpes simplex keratitis. Pred-G Liquifilm sterile 
ophthalmic suspension is not for injection. It should never be injected 
ieena nor should it be directly introduced into the anterior 
chamber of the eye. PRECAUTIONS: The initial prescription and 
renewal of the medication order beyond 20 milliliters should be made 
by a physician only after examination of the patient with the aid of 
magnification, such as slit lamp biomicroscopy and, where appro- 
priate, fluorescein staining. The possibility of tungal infections of the 
cornea should be considered after prolonged steroid dosing. 
ADVERSE REACTIONS: Adverse reactions have occurred with 
steroid/anti-infective combination drugs which can be attributed to 
the steroid component, the anti-infective component, or the combi- 
nation. Exact incidence figures are not available since no 
denominator of treated patients is available. Reactions occurring 
most often from the presence of the anti-infective ingredient are 
allergic sensitizations. The reactions due to the steroid campani 
in decreasing order of frequency are: elevation of intraocular pres- 
sure (IOP) with possible development of glaucoma, and infrequent 
optic nerve damage; posterior subcapsular cataract formation; and 
delayed wound healing. Burning, stinging and other symptoms of 
irritation have been reported with Pred-G. Superficial punctate ker- 
atitis has been reported occasionally with onset occurring typically 
after several days of use. Secondary Infection: The develop- 
ment of secondary infection has occurred after use of combinations 
containing steroids and antimicrobials. Fungal infections of the 
cornea are particularly prone to develop coincidentally with long- 
term applications of steroid. The possibility of fungal invasion must 
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verified with primary sources. And for the core 
credentials it collects, the AMA/NCVS satisfies 
current standards defined in the Joint Commission 
Accreditation Manual for Hospitals for primary 
source verification. The credentials verifier no longer 
needs to reverify all information. 


The result 

It's called a win-win situation and, best of all, it's 
operated by the most experienced provider of 
physician information: the American Medical 
Association. 


For information on the Service, contact your co- 
sponsoring Medical Society office or call the AMA 
at 1-800-677-NCVS. 


The AMA/NCVS — it means 
greater efficiency...quality assured. 






American Medical Association 
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dry eye patients. 

Millions of dry eye sufferers have 
found comfort with HvPOTEARS 
and made it the 41 recommended 
tear among eye care physicians. 
This unique hypotonic formulation 
helps restore the hypertonic tear 
film to normal tonicity for 
soothing relief. 
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with a hypotoni 
formulation. 


Now your therapeutic choice can 
include a non-preserved hypo- 
tonic tear for those patients with 
sensitivity to preservatives. Just 
like original HvPOTEARSs, the 
hypotonicity of HvPoTEARs PF 
helps break the dry eye cycle that 


begins with a hypertonic tear film. 


Unlike other preservative-free 
tear substitutes, HvPOTEARs PF 


does not contain sodium chloride. 


So, HvPoTEARs PF won't add 
salt to an already salty tear film. 
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For nighttime therapy. 


Preservative-free and lanolin- 1 
free, HvPOTEARS Ointment is the | 
perfect partner with HvPOTEARS j 


solutions for round-the-clock 
relief ...and only one name 
to remember. 
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phthalmoscopy lens. 


- Volk lenses are Avi e in both Clear and 
- Yellow Retina Protector Glass for increased 
patient safety and comfort. 


And choose either SupraCoat AR coating 
for diagnostics and argon laser or Laser Plus? 
AR/DI laser coating for optimum diode 

(810 nm) laser transmission. 


Volk lenses can be ordered from any authorized 
Volk distributor or by calling Volk direct. 


NOM. 


The Leader in Aspheric Optics 


7893 Enterprise Drive, Mentor, Ohio 44060 US. A. 
Phone: (216) 942-6161 800-345 VOLK 
Fax: (216) 942-2257 


Visit us at Ohio Ophthalmological 
Trade Show in Cincinnati, June 8-9. 


All Volk products are made in the 
United States of America 
©1991 Volk Optical 
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Efficacy of Prism Adaptation in the Surgical 
Management of Acquired Esotropia 


To the Editor.—The randomized multicenter clinical trial 
described in the September 1990 issue of the ARCHIVES was 
designed to determine the efficacy of prism adaptation (PA) 
in the surgical management of acquired esotropia.' In ran- 
domized studies, the control population and the experimen- 
tal population are evaluated before surgery on an equal ba- 
sis to avoid observer bias. However, in this study, did the 
PAR/PS patients (prism adaptation responders undergo- 
ing surgery for their deviation determined by Fresnel 
prism) undergo more measurements of their ocular devia- 
tion than the non-PA/ES patients (patients who did not 
have prism adaptation and who underwent surgery for their 
deviation determined by prism cover test)? If so, does this 
bias the results? Could this also explain the resulting dif- 
ference between PAR/ES patients (prism adaptation re- 
sponders who underwent surgery for their deviation deter- 
mined by prism cover test) and PAR/PS patients? Both had 
PA; however, less surgery was performed on the PAR/ES 
patients since the amount of surgery was determined by the 
entry angle deviation and not the PA deviation. Simply 
stated, if one evaluates a patient with strabismus on two 
occasions vs four, and based on those measurements plans 
surgery accordingly, which patient population has a more 
accurate preoperative evaluation? 
Fresnel prisms may be a more reproducible method to 
measure the angle of strabismus in patients. 
JOSEPH GIANGIACOMO, MD 
Columbia, Mo 


This study was supported in part by a grant from Research to Prevent 
Blindness Inc, New York, NY. 

Reprint requests to Mason Institute of Ophthalmology, University of Mis- 
souri-Columbia, One Hospital Dr, Columbia, MO 65212 (Dr Giangiacomo). 


1. Prism Adaption Study Research Group. Efficacy of prism adaptation in 
the surgical management of acquired esotropia. Arch Ophthalmol. 1990;108: 
1248-1256. 


Prism Adaptation Test (PAT) in the 
Surgical Management of Acquired Esotropia 


To the Editor.—I read with great interest the article pub- 
lished by the Prism Adaptation Study Research Group! in 
the September 1990 issue of the ARCHIVES. Patients with 
fusion and normal retinal correspondence (NRC) were 
eliminated from the study because “they had little or no 
potential to benefit from prism adaptation.” It has been my 
experience as well as that of other authors?* that esotropic 
patients with NRC fusion, even bifoveal fusion (40 seconds 
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of arc stereoacuity), can manifest a substantial angle build- 
up with prisms. Most, if not all, of these patients do benefit 
when undergoing surgery for the built-up angle.* If this 
group of patients had been included, a larger percentage of 
esotropic patients would have been found to benefit from 
presurgical prism adaptation test (PAT). 

If patients with fusion and NRC were eliminated from the 
study at the start, and the responders were patients who 
demonstrated fusion after wearing a prismatic correction 
for 1 month, one must conclude that these patients had 
either abnormal retinal correspondence (A RC) or suppres- 
sion at the start. If they had suppression and then demon- 
strated some form of binocular link after wearing their 
prismatic correction for 1 month, the results strongly argue 
in favor of prismotherapy. 

Why stop at 1 month? Bérard et al^ restrict the prescrip- 
tion of prisms before surgery to patients with NRC. Most 
authors follow this approach. Because the study by the 
Prism Adaptation Study Research Group! (according to the 
Prism Adaptation Manual of Procedures) included patients 
with ARC, it would be interesting to learn the effects of PAT 
on this group of patients with ARC and their sensory and 
surgical results. 

I question why the group of responders who underwent 
surgery for the prism-determined angle had that angle 
evaluated with a simultaneous prism cover test (minimal 
dissociation). Would not surgery on a larger angle, as 
brought out by the alternate prism cover test (maximum 
deviation), have further improved the outcome of this 
group? All the other groups had their angle of deviation 
determined with the alternate prism cover test. 

The authors also referred to previous reports showing 
that there is no common agreement regarding the duration 
of the test. However, this agreement is important to gain 
the patient's acceptance. It is my experience that the test 
can be performed in the office in 1 to 2 hours. I take as a final 
measurement the one obtained after the angles have been 
stable for at least half an hour. I also use the Fresnel trial 
set that has prism powers up to 40 prism diopters and 
therefore allows the test to be performed on larger devia- 
tions. These hard plastic Fresnel prisms in higher powers 
reduce visual acuity less, create less distortion, and are less 
likely to disturb the binocular relationship than the Fresnel 
membrane.* 

This prospective randomized multicenter study! was con- 
ducted with impressive rigor. It also shows the need for such 
studies. A previous retrospective study with similar eligi- 
bility criteria presumed surgical success to have increased 
by 31% with preoperative prism adaptation.’ This prospec- 
tive study! showed a 17% significant difference in the suc- 
cess rate between the group of prism adaptation respond- 
ers who underwent augmented surgery and the group of 
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patients who did not undergo prism adaptation before sur- 
gery. 
SUZANNE VÉRONNEAU-TROUTMAN, MD 
New York, NY 


1. Prism Adaptation Study Research Group. Efficacy of prism adaptation 
in the surgical management of acquired esotropia. Arch Ophthalmol. 
1990;108:1248-1256. 

2. Véronneau-Troutman S. Surgical implications of the prism adaptation 
test. Binocular Vis. 1985;1:107-109. 

3. von Noorden GK. Binocular Vision and Ocular Motility. 4th ed. St Louis, 
Mo: CV Mosby Co; 1990:461-462. 

4. Delisle P, Strasfeld M, Pelletier D. The prism adaptation test in the 
preoperative evaluation of esodeviations. Can J Ophthalmol. 1988;23:208-212. 

5. Berard PV, Quéré MA, Roth A, Spielmann A, Woillez M. Chirurgie des 
strabismes: Société Francaise d'Ophtalmologie. Paris, France: Masson; 
1984:243. 

6. Véronneau-Troutman S. Fresnel prisms and their effects on visual acu- 
ity and binocularity. Trans Am Ophthalmol Soc. 1978:76:610-653. 

7. Scott WE, Thalacker JA. Preoperative prism adaptation in acquired 
esotropia. Ophthalmologica. 1984;189:49-53. 


In Reply.—In response to Dr Giangiacomo’s question, all 
PA study patients! had their ocular deviations measured at 
least twice on separate occasions before the first random- 
ization, with agreement on both simultaneous and alternate 
prism and cover tests to within 5 prism diopters to demon- 
strate stability of their deviation. Certainly, those in the PA 
groups (PAR/PS, PAR/ES, and PANR/ES [PA nonre- 
sponders who underwent surgery for their deviation at en- 
try into the study]) had more measurements in the course 
of prism adjustment than patients in the control group 
(non-PA/ES). There was no difference in the number of 
measurements between the PAR/PS and PAR/ES groups. 
It is theoretically possible that the superior results in the 
PAR/PS group were due only to additional measurement, 
although this seems unlikely. In the PAR/PS group, the 
target angle for surgery was always greater than or equal 
to the entry angle of deviation, with the increase being de- 
termined by the amount of buildup in response to wearing 
prisms. We do agree with Dr Giangiacomo's suggestion that 
the prism process may result in a more meaningful mea- 
surement of deviation than standard one-time measure- 
ment. 

With regard to Dr Véronneau-Troutman's comments, 
patients with strong evidence for fusion were excluded be- 
cause investigators expected that most would experience 
fusion while wearing prisms for exactly their entry angle of 
deviation and would not build up larger angles, so that the 
prism process would make no difference in surgical 
amounts. Even with this exclusion, the proportion of 
patients who built up to appreciably larger angles was 
smaller than expected! There may, of course, be a subset of 
patients who could benefit from PA, as described by Dr 
Véronneau-Troutman. 

We plan to deal with the interesting question of the ef- 
fects of PA in patients with ARC in a subsequent report. 

JOHN E. CONNETT, PHD 
Minneapolis, Minn 
WILLIAM E. Scott, MD 
Iowa City, Iowa 


X-Linked Congenital Stationary Night Blindness: 
Review and Report of a Family With Hyperopia 


To the Editor.—In the article by Khouri et al! in the Octo- 
ber 1988 issue of the ARCHIVES, the authors state, “We re- 
port on a family in which three of the five affected members 
had hyperopia and could be classified as the incomplete type 


766 Arch Ophthalmol— Vol 109, June 1991 





and in which a fourth member with myopia was more con- 
sistent with the complete type." 

Recent evidence has shown that congenital stationary 
night blindness of the complete type (CSNB1) and congen- 
ital stationary night blindness of the incomplete type 
(CSNB2)?? may be caused by two different genes on the X 
chromosome.*’ Since no other authors have found both 
CSNBI and CSNB2 in the families they studied,‘ we would 
like to pose the following question: Can the authors provide 
a description of the electroretinogram testing conditions of 
all the patients tested, since we presume that IV-2 could be 
suffering from CSNB2. Weleber et al’ reported that patient 
IV-2 "had detectable dark adapted rod psychophysical 
thresholds and an arguably present rod RG, suggesting that 
this patient's disorder may, indeed, be of the incomplete 
type." 

ALAN F. WRIGHT, MD 
Edinburgh, Scotland 


DIEUWKE B. VAN Dorp, MD 
Amsterdam, the Netherlands 


1. Khouri G, Mets MB, Smith VC, Wendell M, Pass AS. X-linked congen- 
ital stationary night blindness: review and report of a family with hypero- 
pia. Arch Ophthalmol. 1988;106:1417-1422. 

2. Van Dorp DB, Eriksson AW, Delleman JW, et al. Aland eye disease: no 
albino misrouting. Clin Genet. 1985;28:526-531. 

3. Hittner HM, Borda RP, Justice J. X-linked recessive congenital sta- 
tionary night blindness, myopia, and tilted discs. J Pediatr Ophthalmol 
Strabismus. 1981;18:15-20. 

4. Bech-Hansen NT, Field LL, Schramm AM, et al. A locus for X-linked 
congenital stationary night blindness is located on the proximal portion of 
the short arm of the X-chromosome. Hum Genet. 1990;84:406-408. 

5. Gal AL, Schinzel A, Orth U, et al. Gene of X-chromosomal congenital 
stationary nightblindness is closely linked to DXS7 on Xp. Hum Genet. 
1989;81:315-318. 

6. Musarella MA, Weleber RG, Murphey WH, et al. Assignment of the 
gene for complete X-linked congenital stationary night blindness (CSNB1) 
to Xp11.3. Genomics. 1989;5:727-737. 

T. Weleber RG, Pillers DAM, Powell BR, et al. Aland island eye disease 
(Forsius-Eriksson syndrome) associated with contiguous deletion syndrome 
at Xp21. Arch Ophthalmol. 1989;107:1170-1179. 

8. Miyake M, Yagasaki K, Horiguchi M, Kawase Y, Kanda T. Congenital 
stationary night blindness with negative electroretinogram: a new classifi- 
cation. Arch Ophthalmol. 1986;104:1013-1020. 

9. Price MJ, Judisch GK, Thompson HS. X-linked congenital stationary 
night blindness with myopia and nystagmus without clinical complaints of 
nyctalopia. J Pediatr Ophthalmol Strabismus. 1988;25:33-36. 


In Reply.—We are grateful for the opportunity to reply to 
Wright and van Dorp and are pleased to see that our article 
has generated thought. Our family was one of the families 
studied in the linkage report by Musarella et al.' Unfortu- 
nately, there was no peak in the lod score of the markers 
(restriction fragment length polymorphism) between Xp11- 
Xp21 because there was no recombination in this family. 
Therefore, our family could not be localized near Xpll or 
Xp21. 

As stated in our article,’ the manifestations of CSNB in 
three of our family members were most consistent with the 
incomplete type of congenital stationary night blindness, as 
described by Miyake et al? The presentation in our fourth 
patient was more consistent with the complete type. We 
believe that this represents phenotypic variation within 
this family. 

Wright and van Dorp requested information on our elec- 
troretinogram testing conditions for this family. The pa- 
tients’ eyes were fully dilated with instillation of 1% tropi- 
camide (Mydriacil) and 2.5% phenylephrine hydrochloride 
(Neo-Synephrine). Simultaneous recording from both eyes 
was done with Burian-Allen contact lens electrodes. Stim- 
ulation was carried out with a Nicolet-Ganzfeld unit. Pho- 
topic and 30-Hz flickers were performed, followed by 20 
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minutes of dark adaptation before the scotopic measure- 
ments were made. A low-intensity scotopic measurement 
was made with a stimulation of 0.1 cd/(m? . s) of white 
light. There was a 30-second waiting period before a high- 
intensity stimulation of 10 cd/(m? .s) of white light was 
administered. Early measurements on this family were 
done with the same recording arrangements, but the stim- 
ulation was carried out with a Grass stimulator. 
MARILYN B. Mets, MD 
Chicago, Ill 


1. Musarella MA, Weleber RG, Murphey WH, et al. Assignment of the 
gene for complete X-linked congenital stationary night blindness (CSNB1) 
to Xp11.3. Genomics. 1989;5:727-737. 

2. Khouri G, Mets MB, Smith VC, Wendell M, Pass AS. X-linked congen- 
ital stationary night blindness: review and report of a family with hyper- 
opia. Arch Ophthalmol. 1988;106:1417-1422. 

3. Miyake Y, Yagasaki K, Horiguchi M, Kawase Y, Kanda T. Congenital 
stationary night blindness with negative electroretinogram: a new classifi- 
cation. Arch Ophthalmol. 1986;104:1013-1020. 


Superior Oblique Palsy as a Complication 
of Anterior Ethmoidal Artery Ligation? 


To the Editor.—We read with interest the article by Couch 
et al' in the August 1990 issue of the ARCHIVES. It is espe- 
cially important in reporting complications of surgery that 
one document compelling evidence that the problem was 
not preexisting and appropriate examinations were per- 
formed to relate the “complication” to the surgery per- 
formed. 

In the cases reported by Couch et al, the authors did not 
discuss the possibility that breakdown of a preexisting ver- 
tical phoria may have caused these patients’ diplopia.’ 
Studies of superior oblique palsy have documented that one 
of the most common, if not the most common,’ causes of su- 
perior oblique palsy is congenital. One may distinguish 
acute from chronic palsies by review of old photographs for 
head tilt, measurement of vertical fusional amplitudes, and 
spread of comitance. In case 1, no mention is made of pre- 
existing head tilt or vertical fusional amplitudes. The 
authors report that the patient “had a reduction in right 
hyperdeviation" from 8 to 6 prism diopters in primary gaze 
during a 6-month follow-up period. This reduction is ques- 
tionable, and could easily be only a slight change in head 
position (chin up or down). We are not told if the patient 
became more comfortable, or was fusing this deviation. 

Case 2 also raises some questions. Although the patient 
had inferior oblique overaction, it is unclear how long after 
the surgery the patient was examined. This would be very 
unusual as an acute event, since it theoretically is due to 
long-standing paresis of the superior oblique and contrac- 
ture or “spasticity” of the antagonist inferior oblique. 
Again, no comment is made regarding head tilt prior to 
surgery or fusional amplitudes. 

The second issue raises concerns of the correlation of the 
surgery performed with the “complication.” If the causes of 
dislocation of the trochlea or orbital hematoma were under 
consideration, it might have been helpful to perform com- 
puted tomography or magnetic resonance imaging to dem- 
onstrate the status of the orbital anatomy. 

Couch et al have reported two cases of diplopia following 
anterior ethmoidal artery ligation that may be due to con- 
genital or acquired superior oblique palsy. Although it is 
possible that the surgery directly caused superior oblique 
muscle dysfunction, additional information is required to 
firmly draw this conclusion. 

LiNDA M. CHRISTMANN, MD 
MITCHELL J. WOLIN, MD 
Columbia, SC 
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1. Couch JM, Somers ME, Gonzalez C.Superior oblique muscle dysfunction 
following anterior ethmoidal artery ligation for epistaxis. Arch Ophthalmol. 
1990;108:1110-1113. 

2. Mansour AM, Reinicke RD. Central trochlear palsy. Surv Ophthalmol. 
1986;30:279-297. 

3. Von Noorden GK, Murray E, Wong SY. Superior oblique paralysis: a 
review of 270 cases. Arch Ophthalmol. 1986;104:1771-1776. 

4. Knapp P. Symposium: the superior oblique: classification and treatment 
of superior oblique palsy. Am Orthoptic J. 1974;24:18-22. 


In Reply.—I would like to thank Christmann and Wolin for 
their comments regarding our recent article. They correctly 
point out that one of the most common causes of a superior 
oblique palsy is a breakdown of a preexisting vertical pho- 
ria from a congenital palsy. Of course, probably the most 
common cause is trauma (such as that produced from liga- 
tion of the anterior ethmoidal artery). Specifically, how- 
ever, no measurements of vertical fusional amplitudes were 
done. These patients were referred by otolaryngologists and 
this testing was not possible. Review of old photographs did 
not show any head tilt position; review of cover testing in 
the diagnostic positions of gaze did not reveal any spread of 
concomitance. In addition, both patients noted the sudden 
onset of excyclotorsion, as measured with double Maddox 
rod testing, which would not be expected in a congenital 
case. 

Concerning case 2, the patient was examined 3 weeks, 3 
months, and 6 months following ligation surgery. Six 
months after ligation, he had an overaction of the inferior 
oblique muscle. This would fall into class I of Knapp's clas- 
sification of superior oblique palsies. As reported in our ar- 
ticle, forced duction testing showed no restriction of the in- 
ferior oblique (distinguishing between a contracture of the 
inferior oblique and a superior oblique paresis). 

Finally, the authors point out that it would have been 
helpful to perform computed tomography or magnetic res- 
onance imaging to determine if, indeed, a dislocation of the 
trochlea or an orbital hematoma caused the paresis. We 
certainly would consider this in any future cases. 

MICHAEL E. SoMERS, MD 
Dunedin, Fla 


Pressure Patch Treatment for Congenital 
Upper Eyelid Eversion 


To the Editor. —Congenital upper eyelid eversion is a rare 
disorder of unknown etiology. The condition is typically bi- 
lateral, with a higher incidence observed in black newborns, 
infants with trisomy 21, and children of multiparous 
mothers.'? Proposed pathophysiologic mechanisms of this 
anomaly include failure of the orbital septum and levator 
aponeurosis to fuse, orbicularis muscle hypotony, vertical 
shortening of eyelid skin, vertical elongation of posterior 
eyelid structures, and canthal abnormalities? Although 
the condition is self-limited, complications of conjunctival 
desiccation, progressive chemosis, and secondary infection 
are relative contraindications to waiting several weeks for 
spontaneous resolution. Conservative treatment of lid ever- 
sion by applying moisture chambers or topical lubricants 
can take weeks to months for resolution; taping the eyelids 
closed is technically difficult and often unsuccessful. In- 
stead, most recently published reports recommend early 
surgical treatment, such as suture tarsorrhaphy, skin 
grafting, horizontal lid shortening, and full-thickness su- 
tures applied between the superior conjunctival fornix and 
skin.'? We describe a simple, rapid, and effective nonsurgi- 
cal alternative for the early correction of upper eyelid ever- 
sion in infants. 
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Fig 1.—Bilateral congenital upper eyelid eversion in an infant. 
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Fig 2.— Same patient immediately following removal of pressure patch. 


Materials and Methods.—The infant’s head is stabilized by an 
assistant and topical anesthetic drops are applied to both eyes. The 
end of a blunt instrument, such as a muscle hook or Desmarres re- 
tractor, is placed along the exposed superior tarsal border of the 
upper lid. The lid margin skin and lashes are grasped with the fin- 
gers and pulled inferiorly. Simultaneously, gentle force is applied 
superiorly with the instrument against the tarsus and forniceal 
conjunctiva to rotate and invert the eyelid. Once the eyelid eversion 
has been reduced, a pressure patch is applied to each eye with two 
folded eye pads. The patches are removed in 48 to 72 hours. 


Comment.—We have performed this technique in five pa- 
tients, and it has resulted in successful correction of 
congenital eyelid eversion without recurrence or complica- 
tion (Figs 1 and 2). The advantages of our method over ob- 
servation, alternative conservative measures, or surgical 
treatment include the following: (1) resolution of eyelid 
eversion is achieved without subjecting the patient to the 
risks of surgery (eg, general anesthesia, infection, and/or 
bleeding); (2) the procedure can be performed in an office 
setting; (3) no suture removal or medications are required; 
(4) greater parental acceptance of this technique is encoun- 
tered; and (5) improvement is observed within only 2 to 3 
days. Bilateral occlusion during this short period of patch- 
ing should have no amblyogenic effect. We recommend that 
the ophthalmologist first attempt this nonsurgical treat- 
ment, and only if unsuccessful, consider surgical interven- 
tion. 

JAN W. KRONISH, MD 
ROBERT LINGUA, MD 
Miami, Fla 


1. Blechman B, Isenberg S. An anatomical etiology of congenital eyelid 
eversion. Ophthalmic Surg. 1984;15:111-113. 


Endoscopic Surgery vs Temporary 
Keratoprosthesis Vitrectomy 


To the Editor. —We read with great interest the article by 
Volkov et al' on endoscopic surgery for posterior segment 
abnormalities in patients with opacification of the cornea 
and lens. If anterior segment opacity prevents accurate as- 
sessment of the condition of posterior segment structures 
(eg, after severe trauma), the endoscope may indeed prove 
to be a useful diagnostic tool. With further technical devel- 
opment, it might also allow viewing of the ciliary body and 
the posterior iris and might also be used to perform surgi- 
cal procedures? in these areas. If the actual condition of the 
posterior retina and/or the optic nerve is deemed such that 
visual function is hopeless even with advanced surgery, the 
effort should be terminated. If, however, it is determined 
that the optic nerve and posterior retina are viable and that 
reconstructive surgery is likely to improve the situation, we 
believe that temporary keratoprosthesis vitrectomy may be 
a better option than endoscopic surgery. 

As the authors accurately pointed out, endoscopic sur- 
gery has severe limitations. It is technically difficult be- 
cause of the lack of stereoscopy, and the position of the in- 
strument with respect to the intraocular structures while 
entering the globe cannot be visualized, thus threatening to 
produce a variety of possible iatrogenic complications. In 
addition, the ability to perform bimanual surgery is limited. 
In contrast, temporary keratoprosthesis vitrectomy offers 
excellent visualization and stereopsis throughout surgery. 
It allows for complicated intraocular procedures, including 
unrestricted bimanual surgery, which is usually required in 
these cases. Visual rehabilitation of the patient is more im- 
mediate because of simultaneous correction of anterior and 
posterior segment problems. Our results in more than 50 
patients treated with temporary keratoprosthesis vitrec- 
tomy for severe ocular trauma have demonstrated that the 
survival rate for corneal transplants in these eyes is com- 
parable with that for eyes undergoing corneal transplanta- 
tion by conventional elective keratoplasty. Within 6 
months after surgery, more than one fourth of these eyes 
achieved a visual acuity of 20/400 or greater. 

We encourage the development of endoscopic surgical 
techniques as part of our armamentarium in the treatment 
of severe combined anterior and posterior segment trauma, 
and we appreciate the effort of Volkov et al in this regard. 
At its current level of development, however, we feel that 
the usefulness of vitreous endoscopy might be in the diag- 
nostic evaluation of selected patients with severe trauma 
just prior to attempted surgical reconstruction with tem- 
porary keratoprosthesis vitrectomy or enucleation. 

FERENC KUHN, MD 

C. DOUGLAS WITHERSPOON, MD 
ROBERT E. Morris, MD 
Birmingham, Ala 


Reprint requests to the Helen Keller Eye Research Foundation, 700 18th 
St 5, Birmingham, AL 35233 (Dr Witherspoon). 


The authors of the oriyinal publication have chosen not to respond. 
—ED 
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pP agent to reverse the 
diagnostic mydriasis induced by 
sem ylephrine and tropicamide 


Significantly radis the time your patients 
must wait for restoration of prem ydriatic 
pupillary diameter 


= Many patients return to premydriatic punt 
diameter after just 30 minutes’ 








Rapidly 
reverses the 
effects of 

phenylephrine 
and tropicamide" 





Increases patient convenience 

= Reduces blurry vision and glare while partially i increasing ! 
accommodative amplitude. Patients may experience difficulty in dark adaptation; 
exercise caution while driving and in poor illumination. 


Dosage | 
2 drops into each eye followed 5 minutes later by 2 additional drops in sch eye. 
en should not be used in the same patient more frequently than once per week. 
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THE NEW CONCLUSION 
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REV-EYES ™ 

(reev-eyes) 

dapiprazole hydrochloride 
Ophthalmic Eyedrops, 0.5%—Sterile 


DESCRIPTION 

For ophthalmic use only. 

REV-EYES is an alpha-adrenergic blocking agent. 

Dapiprazole hydrochloride is 5,6,7,8-tetrahydro-3-[2-(4-o.tolyl- 
1-piperazinyl)ethyl]-s-triazolo[4,3-a] pyridine hydrochloride. 
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Dapiprazole hydrochloride has the empirical formula C;3H27Ns HCI 
and a molecular weight of 361.93. 

Dapiprazole hydrochloride is a sterile, white, lyophilized powder solu- 
ble in water. 

REV-EYES Eyedrops is a clear, colorless, slightly viscous solution for 
topical application. Each mL (when reconstituted as directed) contains 
5 mg of dapiprazole hydrochloride as the active ingredient. 

The reconstituted solution has a pH of approximately 6.6 and an 
osmolarity of approximately 415 mOsm. 

The inactive ingredients include: Mannitol (2%), Sodium Chloride, 
Hydroxypropyl! Methylcellulose (0.496), Edetate Sodium (0.01%), 
Sodium Phosphate Dibasic, Sodium Phosphate Monobasic, Water for 
Injection, and Benzalkonium Chloride (0.0196) as a preservative. 

REV-EYES Eyedrops, 0.5% is supplied in a kit consisting of one vial of 
dapiprazole hydrochloride (25 mg), one vial of diluent (5 mL) and one 
dropper for dispensing. 


CLINICAL PHARMACOLOGY 

Dapiprazole acts through blocking the alpha-adrenergic receptors in 
smooth muscle. Dapiprazole produces miosis through an effect on the 
dilator muscle of the iris. 

Dapiprazole does not have any significant activity on ciliary muscle 
contraction and therefore does not induce a significant change in the 
anterior chamber depth or the thickness of the lens. 

Dapiprazole has demonstrated safe and rapid reversal of mydriasis 
produced by phenylephrine and to a lesser degree tropicamide. In 
patients with decreased accommodative amplitude due to treatment 
with tropicamide the miotic effect of dapiprazole may partially increase 
the accommodative amplitude. 

Eye color affects the rate of pupillary constriction. In individuals with 
brown irides, the rate of pupillary constriction may be slightly slower 
than in individuals with blue or green irides. Eye color does not appear 
to affect the final pupil size. 

Dapiprazole does not significantly alter intraocular pressure in 
normotensive or in eyes with elevated intraocular pressure. 


INDICATIONS AND USAGE 

Dapiprazole is indicated in the treatment of iatrogenically induced 
mydriasis produced by adrenergic (phenylephrine) or parasympa- 
tholytic (tropicamide) agents. Dapiprazole is not indicated for the reduc- 
tion of intraocular pressure or in the treatment of open angle glaucoma. 


CONTRAINDICATIONS 
Miotics are contraindicated where constriction is undesirable; such 


as acute iritis, and in those subjects showing hypersensitivity to any 
component of this preparation. 


WARNING 

For Topical Ophthalmic Use Only. NOT FOR INJECTION. Do not 
touch the dropper up to lids or any surface, as this may contaminate the 
solution. Dapiprazole should not be used in the same patient more 
frequently than once a week. 


PRECAUTIONS 
Information to patients: Miosis may cause difficulty in dark adapta- 
tion and may reduce the field of vision. Patients should exercise caution 
when involved in night driving or other activities in poor illumination. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Dapiprazole 
has been shown to significantly increase the incidence of liver tumors 
in rats after continuous dietary administration for 104 weeks. This 
effect was found only in male rats treated with the highest dose admin- 
istered in the study, i.e., 300 mg/kg/day, (80,000 times the human 
dose) and was not observed in male and female rats at doses of 30 and 
100 mg/kg/day and female rats at doses of 300 mg/kg/day. 

Negative results have been reported on the mutagenicity and impair- 
ment of fertility studies with dapiprazole. 
Pregnancy: Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to 128,000 (rat) and 27,000 
(rabbit) times the human ophthalmic dose and revealed no evidence of 
impaired fertility or harm to the fetus due to dapiprazole. There are, 
however, no adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if 
clearly needed. 
Nursing mothers: It is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk, caution 
should be exercised when dapiprazole is administered to a nursing 
woman. 
Pediatric use: Safety and effectiveness in children has not been 
established. 


ADVERSE REACTIONS 

In contrclled studies the most frequent reaction to dapiprazole was 
conjunctival injection lasting 20 minutes in over 80% of patients. Burn- 
ing on instillation of dapiprazole was reported in approximately half of 
all patients. Reactions occurring in 10% to 40% of patients included 
ptosis, lid erythema, lid edema, chemosis, itching, punctate keratitis, 
corneal edema, browache, photophobia and headaches. Other reac- 
tions reported less frequently included dryness of eyes, tearing and 
blurring of vision. 


DOSAGE AND ADMINISTRATION 
Two drops followed 5 minutes later by an additional 2 drops applied 
topically to the conjunctiva of each eye should be administered after 
the ophthalmic examination to reverse the diagnostic mydriasis. 
Dapiprazole should not be used in the same patient more frequently 
than once per week. 
Directions for Preparing Eyedrops: 
1. Use aseptic technique. 
2. Tear off aluminum seals, remove and discard rubber plugs from both 
drug and diluent vials. 
3. Pour diluent into drug vial. 
4. Remove dropper assembly from its sterile wrapping and attach to 
tne drug vial. 
5. Shake container for several minutes to ensure mixing. 
Storage and Stability of Eyedrops: Once the eyedrops have 
been reconstituted they may be stored at room temperature 15°-30°C 
(59*-86*F) for 21 days. Discard any solution that is not clear and 
colcrless. 


HOW SUPPLIED 

REV-EYES™ dapiprazole hydrochloride Eyedrops, 0.5% 

NDC 57706-761-62 4 

Each package contains REV-EYES™ (25 mg), diluent (b mL) and drop- 
per for dispensing. 

Patented U.S. Patent No. 4,252,721 

Caution: Federal (USA) law prohibits dispensing without prescription. 


Manufactured by 

Abbott Laboratories 

North Chicago, IL 60064 

For 

Angelini Pharmaceuticals Inc. 

River Edge, NJ 07661 

Marketed by 

Storz Opnthalmics, Inc./Lederle Laboratories Division 

American Cyanamid Company 

Pearl River, NY 10965 j 
Rev. 1/91 

01-2508-R1 


For THE NUMBER ONE 
OCULAR ANTIBIOTIC WORLDWIDE, 
Just GIVE THE WORD. 





TOUGH ON PATHOGENS, GENTLE ON PATIENTS 


In treating ocular infection, prescribed ocular antibiotic 
TOBREX® (tobramycin 0.3%) worldwide. In fact, many regard 
is the one word that says it all. TOBREX as the “gold standard” 
Other antibiotics that work bacte- against which other antibiotics 
riostatically merely inhibit the are measured. 

growth of common ocular patho- When prescribing for 
gens. TOBREX actually destroys ocular infection, you want 
them. Because it is bactericidal bactericidal action, broad 
and offers broad spectrum spectrum coverage, and 
coverage, and because it superior patient comfort. Remem- 
provides superior patient com- ber the one word that says it all. 
fort, FOBREX is the most widely Prescribe TOBREX. 





PLEASE SEE BRIEF SUMMARY OF . 
PRESCRIBING INFORMATION ON con 
THE NEXT PAGE. (TOBRAMYCIN Q. 3%) OPHTHALMIC 
©1991 Alcon Laboratories, Inc. Sterile Ophthalmic Solution & Ointment ALCON LABORATORIES, INC 


FORT WORTH TEXAS 76134 


Tobrex? 


(tobramycin 0.3%) 


Ophthalmic Solution 
and Ointment 


DESCRIPTION: TOBREX® (tobramycin 0.3%) is a sterile topical ophthalmic antibiotic 
formulation prepared specifically for topical therapy of external infections. This product 
is supplied in solution and ointment forms. Each mL of solution contains: Active: 
Tobramycin 0.3% (3 mg). Preservative: Benzalkonium Chloride 0.01% (0.1 mg). Inactive: 
Boric Acid, Sodium Sulfate, Sodium Chloride, Tyloxapol, Sodium Hydroxide and/or Sulfuric 


Acid (to adjust pH) and Purified Water. DM-00 
Each gram of ointment contains: Active: Tobramycin 0.3% (3 mg). Preservative: Chloro- 
butanol 0.5% (5 mg). Inactive: Mineral Oil and White Petrolatum. DM-00 


Tobramycin is a water-soluble aminoglycoside antibiotic active against a wide variety 
of gram-negative and gram-positive ophthalmic pathogens. The chemical structure of 
tobramycin is: 
CLINICAL PHARMACOLOGY: /n Vitro Data: In vitro studies 
have demonstrated tobramycin is active against susceptible 


CH;NH, NH, strains of the following microorganisms: Staphylococci, 
o NH, including S. aureus and S. epidermidis (coagulase-positive 
and coagulase-negative), including penicillin-resistant 
e Oo strains. 

NH, —— Streptococci, including some of the Group A beta-hemolytic 
zo species, some nonhemolytic species, and some Streptococ- 

e cus pneumoniae. 
an: - y^ g Pseudomonas aeruginosa, Escherichia coli, Klebsiella 
hu pneumoniae, Enterobacter aerogenes, Proteus mirabilis, 


Morganella morganii, most Proteus vulgaris strains, Haerno- 
philus influenzae and H. aegyptius, Moraxella lacunata, and 

Chemical name Acintobacter calcoaceticus and some Neisseria species. 
0- (3-amino-3-deoxy-a-D- Bacterial susceptibility studies demonstrate that in some 
gluco-pyranosyl-(1m4)}-0- ^ cases. microorganisms resistant to gentamicin retain sus- 
Miele ell ceptibility to tobramycin. A significant bacterial population 
Dy ranosy. (1«6)]-2- resistant to tobramycin has not yet emerged; however, 
deoxystreptamine. bacterial resistance may develop upon prolonged use. 

INDICATIONS AND USAGE: TOBREX is a topical antibiotic 
indicated in the treatment of external infections of the eye and its adnexa caused by 
susceptible bacteria. Appropriate monitoring of bacterial response to topical antibiotic 
therapy should accompany the use of TOBREX. Clinical studies have shown tobramycin 
to be safe and effective for use in children. 
CONTRAINDICATIONS: TOBREX Ophthalmic Solution and Ointment are contraindicated 
in patients with known hypersensitivity to any of their components. 
WARNINGS: NOT FOR INJECTION INTO THE EYE. Sensitivity to topically applied aminogly- 
cosides may occur in some patients. If a sensitivity reaction to TOBREX occurs, discon- 


- tinue use. 


~ 


PRECAUTIONS: General. As with other antibiotic preparations, prolonged use may result 
in overgrowth of nonsusceptible organisms, including fungi. If superinfection occurs, 
appropriate therapy should be initiated. Ophthalmic ointments may retard corneal wound 
healing. 

Information For Patients: Do not touch dropper or tube tip to any surface, as this may 
contaminate the contents. 

Pregnancy Category B. Reproduction studies in three types of animals at doses up to 
thirty-three times the normal human systemic dose have revealed no evidence of impaired 
fertility or harm to the fetus due to tobramycin. There are, however, no adequate and well- 
controlled studies in pregnant women. Because animal studies are not always predictive 
of human response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers. Because of the potential for adverse reactions in nursing infants from 
TOBREX, a decision should be made whether to discontinue nursing the infant or 
discontinue the drug, taking into account the importance of the drug to the mother. 
ADVERSE REACTIONS: The most frequent adverse reactions to TOBREX Ophthalmic 
Solution and Ointment are localized ocular toxicity and hypersensitivity, including lid itching 
and swelling, and conjunctival erythema. These reactions occur in less than three of 
100 patients treated with TOBREX. Similar reactions may occur with the topical use of 
other aminoglycoside antibiotics. Other adverse reactions have not been reported from 
TOBREX therapy; however, if topical ocular tobramycin is administered concomitantly 
with systemic aminoglycoside antibiotics, care should be taken to monitor the total serum 
concentration. 

In clinical trials, TOBREX Ophthalmic Ointment produced significantly fewer adverse 
reactions (3.7%) than did GARAMYCIN® Ophthalmic Ointment (10.6%). 
OVERDOSAGE: Clinically apparent signs and symptoms of an overdose of TOBREX 
Ophthalmic Solution or Ointment (punctate keratitis, erythema, increased lacrimation, 
edema and lid itching) may be similar to adverse reaction effects seen in some patients. 
DOSAGE AND ADMINISTRATION: 

Solution: In mild to moderate disease, instill one or two drops into the affected eye(s) 
every four hours. In severe infections, instill two drops into the eye(s) hourly until 
improvement, following which treatment should be reduced prior to discontinuation. 
Ointment: In mild to moderate disease, apply a half-inch ribbon into the affected eye(s) 
two or three times per day. In severe infections, instill a half-inch ribbon into the affected 
eye(s) every three to four hours until improvement, following which treatment should 
be reduced prior to discontinuation. 

TOBREX ointment may be used in conjunction with TOBREX solution. 

HOW SUPPLIED: 5 mL sterile solution in DROP-TAINER® dispenser (NDC 0998-0643-05), 
containing tobramycin 0.3% (3 mg/mL) and 3.5 g sterile ointment in ophthalmic tube 
(NDC 0065-0644-35), containing tobramycin 0.3% (3mg/g). 

STORAGE: Store at 46° - 80°F. 

CAUTION: Federal (USA) law prohibits dispensing without prescription. 
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6201 South Freeway 
Fort Worth, Texas 76134 
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THE BEST WAY TO GET 
A QUALIFIED DEPUTY 
FOR YOUR OFFICE 







































Locum Tenens is, literally, someone 
who holds another's place while they 
pursue other objectives. Sort of a 
deputy to keep the office running 
smoothly. Someone who can give 
today’s physicians the opportunity 
they need in their careers for time 
away from their practices for contin- 
uing education or personal reasons. 


If you need a physician to give your 
career some flexibility, or you are a 
physician looking for a short-term 
assignment, the American Medical 
Association’s Physicians Career 
Resource can help you with a pro- 
fessional Locum Tenens Service. 


Locum Tenens are handled as part of 
the Physicians Placement Service. 
That means listings in the respected 
Opportunity Placement Register, and 
access to computerized CVs of physi- 
cians actively seeking short-term 
practice Opportunities. 


It’s easy to register either as an 
employer or locum tenens physician. 
For more information and a registra- 
tion questionnaire, call or write: 


Locum Tenens Service 
Physicians Career Resource 
American Medical Association 
P.O. Box 10012 
Chicago, IL 60610 
1-(800)-955-3565 
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Case Reports 





Severe Ocular Trauma From 
a Driver’s-Side Air Bag 


Motor vehicle accidents are a common 
cause of ocular trauma in the United 
States. Most ocular injuries occur in 
patients not wearing a lap-shoulder 
seat belt.'? The air bag was recently 
introduced as a method to reduce the 
consequences of frontal and front an- 
gle collisions, which account for more 
than 50% of motor vehicle accidents 
involving serious injuries and fa- 
talities. Air bags have been estimated 
to reduce the incidence of brain injury 
in motor vehicle accidents by as much 
as 25%. Inflation of an air bag may 
also reduce the frequency and severity 
of ocular trauma. We describe herein a 
patient who sustained significant ocu- 
lar trauma from an inflated air bag 
during a motor vehicle accident. 
Report of a Case.—A 26-year-old man 
driving 35 miles per hour and restrained by 
a three-point lap-shoulder belt crashed 
head-on into a tree. The driver's-side air 
bag inflated during the collision. The pa- 
tient sustained facial abrasions on the left 
side and complained of decreased visual 
acuity and a floater in the visual field of his 
left eye. Best corrected visual acuity was 
20/15 OD and 20/50 OS. Examination re- 
sults of the right eye were normal. Slit- 
lamp examination of the left eye revealed 
ecchymosis and edema of both upper and 
lower lids, resulting in mechanical ptosis. 
Moderate conjunctival hyperemia was 


present with an inferotemporal subcon- 
junctival hemorrhage. A microscopic hy- 
phema was also present and a partial Vos- 
sius ring was found on the anterior lens 
capsule. Intraocular pressure was 14 mm 
Hg OD and 16 mm Hg OS. Dilated fundu- 
scopic examination of the left eye revealed 
vitreous and subretinal hemorrhages and 
retinal folds (Figure). Ultrasonography re- 
vealed a dense opacification in the posterior 
temporal globe and blood in Cloquet’s ca- 
nal. The results of coagulation studies and 
hemoglobin electrophoresis were normal. 
The patient was followed up for 6 months. 
The vitreous and subretinal hemorrhages 
resolved, and visual acuity improved to 20/ 
20 OS. 

Comment.—To the best of our 
knowledge, this is the first reported 
case of severe ocular trauma from a 
motor vehicle accident in a patient 
protected by a driver’s-side air bag. 
There is no way of knowing whether 
the air bag was protective in this case 
of ocular injury or if it forced the pa- 
tient’s head laterally against the driv- 
ers side window; however, several 
studies have shown a reduction in 
morbidity and mortality from driv- 
er's-side air bags?^ Our case demon- 
strates that severe ocular injury can 
occur during a low-speed frontal auto- 
mobile crash in the presence of a fas- 
tened three-point lap-shoulder belt 
and deployed air bag. 

STEVE RIMMER, MD 
JAMES D. SHULER, MD 
Los Angeles, Calif 


Preretinal hemorrhage, subretinal hemorrhage, and retinal folds in the left eye following trauma. 
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Radial Keratoneuritis in 
Pseudomonas Keratitis 





Radial keratoneuritis, the apparent 
presence of infiltrate along corneal 
nerves in suppurative keratitis, has 
been described’ as an early sign of 
Acanthamoeba keratitis and is com- 
monly thought to be pathognomonic 
for this infection. We describe herein a 
patient with Pseudomonas aeruginosa 
ulcerative keratitis in which radial ker- 
atoneuritis was a presenting sign. 


Report of a Case.—A 22-year-old woman 
who wore extended-wear soft contact 
lenses first experienced discomfort in her 
left eye 5 to 7 days before presentation. At 
that time, she discontinued contact lens 
wear. Two days before presentation, she 
noted increasing redness, pain, and photo- 
phobia in the left eye. Her ophthalmologist 
noted radial keratoneuritis, and she was 
referred to the University of Illinois at 
Chicago Eye Center for consideration of 
propamidine isoethinate (Brolene) therapy. 
On evaluation, she reported 5 years of 
extended-wear soft contact lens use and had 
used the current pair for 1 year. Wearing 
time was 1 week, with weekly cleaning and 
disinfection. She denied using home-mixed 
saline, and claimed no history of swimming, 
hot tub use, or ocular trauma with organic 
material. On initial evaluation at the Eye 
Center, she was found to have a peripheral 
corneal ulcer of 2.75 x 2.25 mm with under- 
lying stromal infiltration, and a linear mid- 
stromal infiltrate extending 2 mm from the 
peripheral edge of the ulcer to the limbus 
(Figure). This infiltrate appeared to extend 
along a radial corneal nerve and was be- 
lieved to represent an area of radial kera- 
toneuritis. Initial Gram’s stains of corneal 
scrapings taken from the area of ulceration 
revealed polymorphonuclear leukocytes and 
gram-negative rods. Scrapings of the ulcer 
bed and surrounding tissue revealed no 
amoebae when stained with periodic acid- 
Schiff, caleofluor white, and lectinase. The 
patient was administered hourly drops of 


Case Reports 





Pseudomonas corneal ulcer at presentation with infiltrate (arrow) extending along a midstro- 
mal, radial, corneal nerve. 


cefazolin sodium (100 g/L), gentamicin sul- 
fate (13.6 g/L), and propamidine isoethinate 
overnight. The next morning, stromal infil- 
tration had diminished, with thinning and 
truncation of the limbal extent of the radial 
keratoneuritis. Cultures were positive for 
P aeruginosa. Considering the positive cul- 
tures, rapid clinical response to antibiotics, 
and the diminution of radial keratoneuritis, 
propamidine isoethinate therapy was dis- 
continued after 12 hours of treatment. Af- 
ter 2 days of antibiotic therapy, sensitivities 
of the isolate became available, and topical 
cefazolin therapy was discontinued. After 3 
days of topical antibiotic therapy, the 
patient was discharged and continued 
treatment with gentamicin ointment. The 
epithelial defect that had measured 
1.25 x 1.75 mm at discharge had completely 
healed within 5 days of discharge. The area 
of keratoneuritis was no longer apparent at 
reexamination 5 days after presentation. 
The patient had no recurrences of ulcer- 
ative keratitis during 2 months of follow-up. 
Cultures of the contact lens cases yielded 
Staphylococcus aureus. Cultures for amoe- 
bae have remained negative. 


Comment.—Radial keratoneuritis 
has been described in published re- 
ports’ only in association with Acanth- 
amoeba keratitis. While radial kera- 
toneuritis may be a sign of early 
Acanthamoeba keratitis, it is not pa- 
thognomonic for this condition, and its 
presence should not delay antibiotic 
therapy in cases of ulcerative keratitis 
in which bacterial infection is a consid- 
eration. Acute suppurative keratitis 
associated with extended-wear contact 
lens use should be assumed to be due 
to Pseudomonas infection until proven 
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otherwise, and appropriate antibiotic 
therapy should be initiated immediate- 
ly after diagnostic scrapings for cul- 
ture and microbiologic stains. The 
initiation of potentially long-term ther- 
apy for an indolent process, such as 
propamidine isoethinate for Acantha- 
moeba keratitis, should be undertaken 
only after culture or tissue diagnosis, 
and not presumptively, as in our 
patient. 


RICHARD M. FEIST, MD 
JOEL SUGAR, MD 
HOWARD TESSLER, MD 
Chicago, Ill 


This study was supported in part by an unre- 
strieted grant from Research to Prevent Blind- 
ness, Ine, New York, NY. 

Reprint requests to the Department of Ophthal- 
mology, School of Medicine, University of Illinois 
at Chicago, 1855 W Taylor St, Chicago, IL 60612 
(Dr Sugar). 
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Pigmented Episcleral Mass 
From Argyrosis Following 
Strabismus Surgery 


A large, pigmented episcleral mass is 
likely to be a malignant melanoma. We 


treated a patient with a “pseudomelan- 
oma” that was secondary to localized 
silver deposition. 


Report of a Case.—An 85-year-old man 
presented for a routine ophthalmic exami- 
nation. His pertinent history included stra- 
bismus surgery of the left eye 67 years 
earlier. The most significant finding was a 
large conjunctival and episcleral pigmented 
mass localized over the insertion of the left 
lateral rectus muscle, with a symblepharon 
to the left lateral canthus (Fig 1). The 
patient was uncertain of the lesion’s dura- 
tion. The mass was grayish black, showed 
minimal intrinsic vascularity, and did not 
move freely with the conjunctiva. No cor- 
responding intraocular pigmentation was 
present, the conjunctiva was otherwise 
clear, and the remainder of the ophthalmic 
and general physical examination findings 
were unremarkable. A history of eyedrop 
use was indeterminate. 

The diagnosis was a benign pigmented 
episcleral lesion, related to the ancient stra- 
bismus surgery. An excisional biopsy was 
performed to exclude conjunctival malig- 
nant melanoma. The lesion was adherent to 
the underlying superficial sclera but was 
readily dissected free. Light microscopy 
showed black-silver impregnation of colla- 
gen fibers and no evidence of neoplasia (Fig 
2). Electron microscopy disclosed numerous 
electron-dense particles distributed within 
the collagen matrix of the connective tissue; 
x-ray microanalysis showed the particles to 
be composed of silver. 


Comment.—Although metallic de- 
posits are included in the differential 
diagnosis of benign melanocytic disor- 
ders of the conjunctiva,’ argyrosis 
rarely causes a pigmented episcleral 
mass that simulates malignant melano- 
ma. The light and electron microscopic 
features of this case were reminiscent 
of an “amalgam tattoo” of the oral 
mucosa. Degradation products from 
dental amalgam, composed primarily 
of silver and tin with small amounts of 
copper and zinc, are found occasionally 
in the connective tissue of the gum 
adjacent to a reconstructed tooth. The 
source of the silver in our patient may 
have been silver nitrate collyrium in- 
stilled following strabismus surgery of 
the lateral rectus muscle; the conjunc- 
tival incision could have facilitated ex- 
tensive focal deposition of the metal. 

Duke-Elder wrote that silver ni- 
trate, when applied to the conjunctiva, 
may cause necrosis of the surface cells 
with subsequent formation of “a white 
eschar which gradually turns to a 
greyish black as the salt is reduced to 
metallie silver on exposure to light." 
Another possible, but less likely, 
source of the metal may have been a 
silver-impregnated suture; of interest 
is a recent description of an ideal su- 
ture material: *. . . it might even con- 
tain something, like the silver ion, that 
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Fig 1.—Pigmented epi- 
scleral mass, 67 years 
after strabismus surgery 
of the left lateral rectus 
muscle. 


Fig 2.—Collagen fibers 
showed black-silver im- 
pregnation (hematoxy- 
lin-eosin, original mag- 
nification x 160). 


would be bactericidal.” 

Localized postoperative argyrosis 
should be included in the differen- 
tial diagnosis of pigmented episcleral 
lesions. 


GEORGE B. BARTLEY, MD 
CHERYL R. BULLER, MS 

R. JEAN CAMPBELL, MB, CHB 
Rochester, Minn 


JOHN D. BULLOCK, MD 
Dayton, Ohio 


Reprint requests to the Department of Ophthal- 
mology, Mayo Clinic, 200 First St SW, Rochester, 
MN 55905 (Dr Bartley). 
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Renal Hypertension Presenting 
as Acute Angle Closure 
Glaucoma 





Nonpupillary block angle closure glau- 
coma has been reported in association 
with scleritis, Harada’s disease, pan- 
retinal photocoagulation, arterio- 
venous fistula; acquired immunodefi- 
ciency syndrome, and nephropathia 
epidemica.’ We report herein the first 
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case, to our knowledge, of acute angle 
closure glaucoma in a patient with re- 
nal hypertension. 


Report of a Case. — A 22-year-old woman 
presented with a 4-day history of sudden- 
onset total visual loss in the left eye. 

The examination revealed a thin, cachec- 
tic woman; the only relevant systemic find- 
ing was an elevated blood pressure of 220/ 
120 mm Hg. Best corrected visual acuity 
was 20/60 OD and absent light perception 
in the left eye. Marked chemosis of the in- 
ferior bulbar conjunctiva was evident with 
prominence of the left globe (Figure). The 
central anterior chamber depth was 2.5 mm 
in the right eye and 1.0 mm in the left eye. 

Ophthalmoscopy revealed a total exuda- 
tive retinal detachment in the left eye and 
changes suggestive of grade IV hyperten- 
sive retinopathy in the right eye. Ultra- 
sonography confirmed the serous retinal 
detachment with associated forward shift 
of the lens-iris diaphragm in the left eye. 
The intraocular pressure (Schiotz) was 14.6 
mm Hg OD and 43.4 mm Hg OS. Gonioscopy 
demonstrated an open angle to the ciliary 
body in the right eye and a 360° angle clo- 
sure in the left eye. 

The patient’s blood urea level was 28.6 
mmol/L of urea and her serum creatinine 
level was 354 umol/L. Total urine output 
decreased, with a 24-hour urine albumin 
value of 0.715 g (normal, 0.2 g) and a 24-hour 
urine creatinine value of 2.65 mmol/d (nor- 
mal, 17.68 mmol/d). Bilateral shrunken 
kidneys with normal-sized renal arteries 
were seen on abdominal ultrasonography. 

The patient was treated with 250 mg of 
oral acetazolamide four times a day, 30 mL 
of oral glycerol three times a day, 0.5% 
topical timolol maleate twice a day, 0.1% 





Chemosis of conjunctiva of the left eye is evi- 
dent in this patient. 


betamethasone sodium phosphate every 2 
hours, and 2% homatropine hydrobromide 
four times a day in the left eye. In addition, 
the patient received 10 mg of nifedipine 
three times a day for control of hyperten- 
sion. 

An evaluation on the second day revealed 
minimal lowering of intraocular pressure 
(37.2 mm Hg) in the left eye, with a blood 
pressure recording of 180/110 mg Hg. 
Clonidine hydrochloride (0.1 mg) three 
times a day and metoprolol tartrate (50 mg) 
twice a day were added to further lower the 
blood pressure. Control of blood pressure, 
which was achieved by the seventh day, was 
associated with reduction in the height of 
the retinal detachment, deepening of the 
anterior chamber, opening of the angle, 
control of intraocular pressure, and reduc- 
tion of chemosis. All antiglaucoma medica- 
tion was discontinued by the 10th day, 
although antihypertensive treatment con- 
tinued. The patient’s visual status, how- 
ever, remained unchanged. The patient was 
later referred to the nephrology clinic for 
management of the kidney status. 


Comment.—This case of nonpupil- 
lary block angle closure glaucoma il- 
lustrates an unusual and hitherto un- 
reported presentation of renal hyper- 
tension. The presumed pathogenesis 
involved serous elevation of the uveal 
tract, anterior shifting of the lens-iris 
diaphragm, and secondary angle clo- 
sure. 

Although aqueous humor suppres- 
sants and cycloplegics helped to de- 
crease the intraocular pressure, com- 
plete resolution of all the abnormal 
ocular findings also required adequate 
control of systemic hypertension. 

Ritu Arora, MD 
LALIT VERMA, MD 
ATUL KUMAR, MD 
New Delhi, India 
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Ophthalmic Manifestations 
of Virus-Associated 
Hemophagocytic Syndrome 


Virus-associated hemophagocytic syn- 
drome (VAHS) is characterized by 
high fever, malaise, hepatosplenomeg- 
aly, and pancytopenia. Patients usual- 
ly have a viral-like illness prior to its 
onset. The diagnosis is based on a bone 
marrow biopsy specimen that demon- 
strates histiocytic hyperplasia with 
prominent hemophagocytosis of red 
blood cells, platelets, and nucleated 
hematopoietic cells. Hypocellularity of 
the bone marrow is frequently seen. 
This syndrome is distinct from malig- 
nant histiocytosis, in which the histio- 
eytes show neoplastic proliferation.’ 
This is the first report, to our knowl- 
edge, of the ophthalmic manifestations 
of VAHS. 


Report of a Case. —A 14-year-old, previ- 
ously healthy boy presented with a 3-week 
history of increasing fatigue, fever, chills, 
and dry cough. On admission, his tempera- 
ture was 41°C and throat, blood, and urine 
cultures were negative for bacteria. A chest 
roentgenogram was equivocal. Laboratory 
values were as follows: hemoglobin, 43 g/L; 
hematocrit, 0.126; white blood cell count, 
2.4 x 10/L; and platelets, 97 x10°/L, with 
reticulocyte count of 11x10 *. Peripheral 
blood did not contain atypical cells. Two 
bone marrow biopsy specimens revealed 
severe hypoplasia with histiocytic hyperpla- 
sia and no malignant infiltrates. Some of the 
cells were phagocytic. These histologic fea- 
tures were consistent with VAHS. 

Ophthalmic consultation was obtained on 
admission because the patient complained 
of blurred vision in both eyes. His visual 
acuity was 20/20-3 OD and 20/30-3 OS. 
Pupils, motility, visual field, and external 
examination results were normal. Slit-lamp 
biomieroscopy results were also normal. 
The vitreous had no cells. Retinal examina- 
tion revealed scattered flame-shaped hem- 
orrhages around the maculas. Some of the 
hemorrhages had white centers and others 
appeared preretinal or within the nerve 
fiber layer (Fig 1). The discs had no edema 
or infiltrate. The retinal vessels were 
slightly tortuous and the peripheral retina 
was normal. 

A follow-up eye examination 1!/» months 
later revealed a subconjunctival hemor- 
rhage in the left eye. The retinal hemor- 
rhages in both eyes were resolving (Fig 2). 
Three months later, all hemorrhages in the 
retina had resolved and visual acuity was 
20/20 OU. 

The patients last bone marrow biopsy 
specimen, obtained 5 months after the onset 
of VAHS, showed marked improvement, 
with granulocytic and erythrocytic matura- 
tion. There was no hemophagocytic 
activity. 
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Fig 1. — Retinal 
hemorrhages in the 
right eye of a patient 
with virus-associat- 
ed hemophagocytic 
syndrome. Some of 
the hemorrhages 
were preretinal and 
others had white 
centers. Similar find- 
ings were present in 
the left eye. 


Fig 2. — Retinal 
hemorrhages in the 
right eye were re- 
solving 1'/2 months 
later. Similar find- 
ings were present in 


Comment.—Virus-associated hemo- 
phagocytic syndrome has no predilec- 
tion for any age group. Many patients 
with the disease are immunosup- 
pressed, such as recipients of renal 
transplants, but the manifestations of 
the disease are similar in immunocom- 
petent individuals. This is a multisys- 
temic disease that can involve the 
lymph nodes, skin, lung, liver, and 
spleen, but the primary involvement is 
in the bone marrow. Autopsy findings 
have revealed the presence of histio- 
cytes in the meninges.’ Whether there 
was infiltration of histiocytes in those 
white-centered retinal hemorrhages in 
our patient is unknown. 

The ophthalmic findings in this pa- 
tient, including retinal hemorrhages 
and subconjunctival hemorrhages, are 
similar to those described in patients 
with severe anemia secondary to aplas- 
tic anemia, hemolytic anemia, perni- 





cious anemia, and iron deficiency ane- 
mia, as well as patients with acute 
leukemia, chronic myelogenous leuke- 
mia, and multiple myeloma.” A com- 
plete blood cell count should be ob- 
tained when retinal hemorrhages such 
as these are found during the ophthal- 
mologic examination. If there is pancy- 
topenia, VAHS should be considered 
as a possible diagnosis. A bone marrow 
biopsy specimen helps to distinguish 
this disease from other hematologic 
disorders. 

PEGGY M. Liao, MD 

JOHN T. THOMPSON, MD 

New Haven, Conn 
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Linear vacuum precisely controls the nucleus. 
Greater needle area results in efficient ultrasound. 


The reliable STORZ PREMIERE™ Microsurgical Sys- 
tem—A new standard in phaco control technology. 


Storz fulfills the promise of 


.phacoemulsification. . . 


More than any other surgical innovation, 
phacoemulsification has revolutionized the art 
and science of cataract extraction. Now Storz 
Ophthalmics introduces a major breakthrough 
in phaco. PREMIERE SmallPort™ Phaco Micro- 
surgical System—an innovation that decreases 
the need for total phaco power by utilizing full 
range Venturi aspiration and maximizing 
acoustic power efficiency. 


The new PREMIERE SmallPort™ Phaco System 
is unique in that one handpiece may be used 
for the entire phaco procedure—from emulsify- 
ing the hard nucleus or aspirating a soft 
nucleus to cortical deanup and polishing the 
capsule. There’s no need to exit and reenter 
the eye with a second instrument. 


The revolutionary SmallPort™ Phaco is availa- 
ble exclusively on the STORZ PREMIERE. The 
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The Osler Institute 
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Ophthalmology Boards Review Course - 
November 15-20, 1991 — St. Louis 


Now, your course for written and oral exams offers unlimited mock orals 


OBJECTIVES 


e Improve basic and clinical knowledge in ophthalmology 


.* Assist residents and fellows to study efficiently 


e Prepare candidates to take their board examinations 


METHODS 


Immediately before the oral board exams 


e HOME STUDY assignments with questions and answers 
€ SEMINAR with projection-slide lecture and syllabus 
e PRACTICE EXAMS with oral and written parts 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, | "Accommodations were comfortable...."* 


not only from world-famous authorities but from people who are relatively unknown as well."* 


Fundamentals 
Anatomy 
Biochemistry 
Physiology 
Pharmacology 


Anterior Segment 
Anterior Angle 
Glaucoma 
Lens and Trauma 


Optics and Refraction 
Ophthalmic Optics 
Refractive Errors 
Instruments 
Clinical Refraction 


Posterior Segment 
Retina and Vitreous 
Laser Surgery 
Macula 
Vascular Disease 


Neuro-ophthalmology 
Neuroanatomy 
Optic Nerve 
Visual Pathways 
Pupillomotor System 
Oculomotor System 


Ocular Surface 
External Disease 
Cornea 
Conjunctiva and Sclera 


Pediatric Eye 
Congenital Disorders 
Genetic Disorders 
Strabismus 


Intraocular 
Inflammation 
Uveal Tract 
Ocular Tumors 


Orbit and Adnexa 
Orbit and Eyelids 
Lacrimal System 
Plastic Surgery 


Medical Problems 
Immunology 
Endocrinology 
Systemic Diseases 
Emergencies 


Ophthalmic Pathology 
Adnexa and Orbit 
External Eye 
Anterior Segment 
Posterior Segment 


FACULTY 


Devron Char, M.D. 
Univ. of Calif., San Francisco 


Fred Chu, M.D. 
St. Luke Hospital, St. Louis 


Victor Elner, M.D. 
University of Michigan 
Robert Feder, M.D. 
Northwestern University 
Donald Gagliano, M.D. 
Letterman Army Med. Ctr. 


Geoffrey Gladstone, M.D. 
Wm. Beaumont Hosp., Detroit 


Robert Granadier, M.D. 
Wm. Beaumont Hosp., Detroit 
David Guyton, M.D. 

Johns Hopkins University 

F. Kapetansky, M.D. 

Ohio State University 


Irene Magramm, M.D. 
Comell University 


Joel Miller, M.D. 
Wayne State University 


Thomas Stevens, M.D. 
University of Wisconsin 

Rosa Tang, M.D. 

The Univ. of Texas, Houston 
Howard Tessler, M.D. 
University of Illinois, Chicago 


Jayne Weiss, M.D. 
University of Massachusetts 


Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 


Name 
Address 
City/State/Zip 


d 
: Phone 
L 


Mail today to: 


1094 Dawn Lane, Dept 106 


PO. Box 2218 
Terre Haute, IN 47802 


For: O Nov. 15-20, 1991 — St. Louis 
[] Check is enclosed for $ 


[] Please send FREE SAMPLE 
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COURSE AND LOCATION: The course 
is held the week before written and oral 
exams in the exam city. Home study ques- 
tions will be sent before the course — which 
will include lectures and syllabus. Also, 
you may buy unlimited half-hour one-on- 
one mock oral exams. The optional extra 
day, November 21, includes one mock oral 
exam and observation of seven or more 
hours of other exams. Past participants 
recommend taking the course well before 
your exam and repeating for half price the 
week before your exam. The course hotel 
will be chosen in competitive bidding to 
achieve the best combination of reasonable 
price and excellent study environment. 


" „and those little extras....""* 


LOWEST AIR FARES: Call Reliable 
Travel toll-free at 1-800-548-8185 and 
identify yourself with this Osler course. 


"the most education for the money...""* 
FEES AND CATEGORY 1 HOURS: 


e Physician or Resident: Phy. Res. Hrs. 
e Six day course: $720 $480 60 

repeating within 2 years: $360 $360 60 
e Extra mock orals day: $150 $150 8 
€ Mock oral exams: $70 $ 70 1/2 
e Private mock orals: $100 $100 1/2 


è Add 10% within 10 days of the course. 

è Attendees not in course hotel add $20/day. 

€ A deposit of $50 will reserve your position. 

e Subject to a $50 fee, refunds will be made up 
until the seminar begins. 

è Most home study materials will be mailed 
after half of the registration fee is received. 


"home study material was extremely helpful."* 


ACCREDITATION: Cornell University 
Medical College designates this Continuing 
Medical Education activity for up to 68 
credit hours in Category 1 of the 
Physician s Recognition Award of the 
American Medical Association. 


"I feel [the course] helped me pass...* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
1094 Dawn Lane, Terre Haute, IN 47802 
(812) 299-5658 or 


(800) 356-7537 


* Comments by past Osler participants 


The first fluoroquinolone for both bacterial conjunctivitis and corneal ulcer 


INTRODUCING NEW 


i 
w 


thy AT 1 ane 


ciprofloxacin HCI) 0.3% as Base 
Sterile Ophthalmic Solution 











Cw LET rs 


OFFERS A BROAD SPECTRUM OF COVERAGE 
AND POTENT IN VITRO ACTIVITY 


CILOXAN is 
effective 
against these 
organisms 
clinically and 
in vitro 











CILOXAN is 
active 
against these 
organisms 

in vitro* 


dedican of these in vitro dais is unknown. 


, Important Ocular Pathogens 


| Pseudomonas aeruginosa 


| 
| 


MiCos (ug/mL) ie 





Serratia marcescens 0.45 

__ Staphylococcus aureus 0.70 

| Staphylococcus epidermidis 0.40 — B 
Streptococcus pneumoniae 2.60 
Streptococcus (Viridans Group) 1.60 


, Enterobacter species 


| Klebsiella pneumoniae 


 Acinetobacter calcoaceticus 
. Chlamydia trachomatis 


ahs We a | 


Sar T 


Important Ocular Pathogens 
Hemophilus influenzae 


Citrobacter species 
Escherichia coli 


Mycobacterium tuberculosis 
Neisseria species 
P Ofous — 


HN 








THE FIRST OF A STRONG NEW CLASS 






one? 


AFTER ONLY 7 DAYS, IMPRESSIVE RESULTS 
FOR BACTERIAL CONJUNCTIVITIS 


After only 7 days, CILOXAN™ is microbiologically and clinically effective 
in lessening the intensity and shortening the duration of serious 
bacterial conjunctivitis. 
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CLINICAL SIGNIFICANCE 


After only 7 days, 1 of every 2 patients was completely 
resolved of signs and symptoms (n= 109). 


Please see brief summary of prescribing information to follow. 
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POWERFUL ENOUGH TO TREAT EVEN 
THE TOUGHEST OCULAR INFECTIONS 


Clinical success’ for corneal ulcer patients 
on single-agent CILOXAN therapy 


91.8% 
Overall 


15.5% 
Improved 


76.3% 
Cured 





(n=148) 


* Clinical success is defined as resolution of bacterial infection and 
complete re-epithelialization of the cornea. 


THE POWER TO SUCCEED AS SINGLE-AGENT THERAPY 


Clinical success for corneal ulcer patients was achieved using CILOXAN 
as single-agent therapy, without the inclusion of fortified, systemic, 
subconjunctival injections, or other topical therapy. 
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SHORT DURATION OF THERAPY 


Average Number of Days on Therapy for Corneal Ulcer Patients 


CILOXAN (n=148) 21.5 à 


AFTER ONLY 3 DAYS OF THERAPY, 63% OF CORNEAL 
ULCERS WERE COMPLETELY RE-EPITHELIALIZED 


Percent of corneal ulcers with complete 
re-epithelialization over time (n=148) 
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Patient acceptance level of CILOXAN is very high. In extensive clinical 
Studies, 99% of patients treated with CILOXAN completed therapy. The 
most frequently reported drug related adverse reaction was local 
burning or discomfort. In corneal ulcer studies involving 210 patients 
with frequent administration of the drug, white crystalline precipitates 
were seen in approximately 17% of patients. The precipitate did not 
preclude continued use of CILOXAN, nor did it adversely affect the 
clinical course of the ulcer or visual outcome. 


CIPROFLOXACIN HAS EXHIBITED A 
LOW FREQUENCY OF RESISTANCE 


CILOXAN attacks bacteria differently by destroying bacteria through 
inhibition of the DNA gyrase. Therefore, resistance is not plasmid 
mediated, nor is CILOXAN inactivated by bacterial enzymes. Only 
chromosomal mutation has been identified as a possible cause of 
bacterial resistance to fluoroquinolones. 


CILOXAN does not cross-react with other antimicrobial agents such as 
beta-lactams or aminoglycosides; therefore organisms resistant to 
these drugs may be susceptible to CILOXAN. 
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SPECTRUM, POWER, AND SPEED ENHANCED 
BY A DIFFERENCE IN CHEMICAL STRUCTURE 


CILOXAN is truly unique in its chemical structure. CILOXAN is the only 
fluoroquinolone with a cyclopropyl group which increases the overall 
potency of the drug. 
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A broad spectrum of activity against important ocular pathogens 
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DESCRIPTION: CILOXAN™ (Ciprofloxacin HCI) Ophthalmic Solution is 
asynthetic, sterile, multiple dose, antimicrobial for topical ophthalmic use. 


INDICATIONS AND USAGE: CILOXAN™ Ophthalmic Solution is indi- 
cated for the treatment of infections caused by susceptible strains of 
the designated microorganisms in the conditions listed below: 
Corneal Ulcers: Pseudomonas aeruginosa 

Serratia marcescens” 

Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae 

Streptococcus (Viridans Group)* 
Conjunctivitis: Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae” 
*Efficacy for this organism was studied in fewer than 10 infections. 


CONTRAINDICATIONS: A history of hypersensitivity to ciprofloxacin or 
any other component of the medication is a contraindication to its use. 
A history of hypersensitivity to other quinolones may also contraindi- 
cate the use of ciprofloxacin. 


WARNINGS: NOT FOR INJECTION INTO THE EYE. 
Serious and occasionally fatal hypersensitivity (anaphylactic) reac- 
tions, some following the first dose, have been reported in patients 
receiving systemic quinolone therapy. Some reactions were accompa- 
nied by cardiovascular collapse, loss of consciousness, tingling, pha- 
ryngeal or facial edema, dyspnea, urticaria, and itching. 
Only a few patients had a history of hypersensitivity reac- 
tions. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine and other resus- 
citation measures, including oxygen, intravenous fluids, 
intravenous antihistamines, corticosteroids, pressor 
amines, and airway management, as Clinically indicated. 


PRECAUTIONS: 
General: As with other antibacterial preparations, pro- 
longed use of ciprofloxacin may result in overgrowth of 
nonsusceptible organisms, including fungi. If superinfec- 
tion occurs, appropriate therapy should be initiated. 
Whenever clinical judgment dictates, the patient should 
be examined with the aid of magnification, such as slit 
lamp biomicroscopy and, where appropriate, fluorescein 
staining. 

Ciprofloxacin should be discontinued at the first 
appearance of a skin rash or any other sign of hypersen- mL 
sitivity reaction. 


In clinical studies of patients with bacterial corneal ulcer, a white 


crystalline precipitate located in the superficial portion of the corneal 
defect was observed in 35 (16.696) of 210 patients. The onset of the pre- 
cipitate was within 24 hours to 7 days after starting therapy. In one 
patient, the precipitate was immediately irrigated out upon its appear- 
ance. In 17 patients, resolution of the precipitate was seen in 1 to 8 days 
(seven within the first 24-72 hours), in five patients, resolution was 
noted in 10-13 days. In nine patients, exact resolution days were unavail- 
able; however, at follow-up examinations; 18-44 days after onset of the 
event, complete resolution of the precipitate was noted. In three 
patients, outcome information was unavailable. The precipitate did not 
preclude continued use of ciprofloxacin, nor did it adversely affect the 
clinical course of the ulcer or visual outcome. (SEE ADVERSE 
REACTIONS). 


Drug Interactions: Specific drug interaction studies have not been 
conducted with ophthalmic ciprofloxacin. However, the systemic admin- 
istration of some quinolones has been shown to elevate plasma con- 
centrations of theophylline, interfere with the metabolism of caffeine, 
enhances the effects of the oral anticoagulant, warfarin, and its deriva- 
tives and has been associated with transient elevations in serum creati- 
nine in patients receiving cyclosporine concomitantly. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro 


mutagenicity tests have been conducted with ciprofloxacin and the test 
results are listed below: 
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Salmonella/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 
Chinese Hamster V79 Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transformation Assay (Negative) 
Saccharomyces cerevisiae Point Mutation Assay (Negative) 
Saccharomyces cerevisiae Mitotic Crossover and Gene 
Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 


Thus, two of the eight tests were positive, but the results of the following 
three in vivo test systems gave negative results: 


Rat Hepatocyte DNA Repair Assay 
Micronucleus Test (Mice) 
Dominant Lethal Test (Mice) 


Long term carcinogenicity studies in mice and rats have been com- 
pleted. After daily oral dosing for up to two years, there is no evidence 
that ciprofloxacin had any carcinogenic or tumorigenic effects in these 
species. 


Pregnancy-Pregnancy Category C: Reproduction studies have been 
performed in rats and mice at doses up to six times the usual daily 
human oral dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to ciprofloxacin. In rabbits, as with most antimicro- 
bial agents, ciprofloxacin (30 and 100 mg/kg orally) produced gastroin- 
testinal disturbances resulting in maternal weight loss and an increased 
incidence of abortion. No teratogenicity was observed at 
either dose. After intravenous administration, at doses up 
to 20 mg/kg, no maternal toxicity was produced and no 
embryotoxicity or teratogenicity was observed. There 
are no adequate and well controlled studies in pregnant 
women. CILOXAN™ Ophthalmic Solution should be 
used during pregnancy only if the potential benefit justi- 
fies the potential risk to the fetus. 


Nursing Mothers: It is not known whether topically 
applied ciprofloxacin is excreted in human milk; however, 
it is known that orally administered ciprofloxacin is 
excreted in the milk of lactating rats and oral ciprofloxacin 
has been reported in human breast milk after a single 
500 mg dose. Caution should be exercised when 
CILOXAN™ Ophthalmic Solution is administered to a 
nursing mother. 


Pediatric Use: Safety and effectiveness in children 
below the age of 12 have not been established. Although 
ciprofloxacin and other quinolones cause arthropathy in 
immature animals after oral administration, topical ocular administration 
of ciprofloxacin to immature animals did not cause any arthropathy and 
there is no evidence that the ophthalmic dosage form has any effect on 
the weight bearing joints. 


ADVERSE REACTIONS: 

The most frequently reported drug related adverse reaction was local 
burning or discomfort. In corneal ulcer studies with frequent administra- 
tion of the drug, white crystalline precipitates were seen in approxi- 
mately 1796 of patients (SEE PRECAUTIONS). Other reactions 
occurring in less than 10% of patients included lid margin crusting, crys- 
tals/scales, foreign body sensation, itching, conjunctival hyperemia and 
a bad taste following instillation. Additional events occurring in less than 
196 of patients included corneal staining, keratopathy/keratitis, allergic 
reactions, lid edema, tearing, photophobia, corneal infiltrates, nausea 
and decreased vision. 


OVERDOSAGE: A topical overdose of CILOXAN™ Ophthalmic Solu- 
tion may be flushed from the eye(s) with warm tap water. 


ANIMAL PHARMACOLOGY: Ciprofloxacin and related drugs have 
been shown to cause arthropathy in immature animals of most species 
tested following oral administration. However, a one-month topical ocu- 
lar study using immature Beagle dogs did not demonstrate any articular 
lesions. 
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Physician Supply Update 


Chicago, Ill. — The supply of physicians is continuing to 
grow at a rapid pace, announced a report from the Center on 
Health Policy Research of the American Medical Association 
(AMA). The report, entitled Projections of Physician Sup- 
ply: 1990 Update, predicts that the total physician supply in 
the year 2000 will be 646 700 active physicians, a 17.896 in- 
crease over the number of active physicians in 1988. 

Since 1986, the AMA Center for Policy Research has made 
annual projections of the future physician supply by specialty 
in the United States. The projections utilize data from the 
1988 year-end AMA physician master file in combination with 
more recent information on the number of entrants to the 
physician population. By employing slightly modified as- 
sumptions about how the number of entrants will change in 
the future, the Center for Policy Research arrives at its 
physician supply projections (Fig 1). 

The report states the following projection assumptions: 

e The number of US medical graduates (USMGs), totaling 
15 422 in 1989, will decrease by 125 per year for the 10-year 
period from 1989 to 1999 and will remain constant thereafter. 

e The number of US foreign medical graduates 
(USFMGs), totaling 1091 in 1989, will decrease to 500 over the 
5-year period from 1988 to 1993 and will remain constant 
thereafter. 

e The number of alien foreign medical graduates 
(AFMGs), totaling 1598 in 1989, will remain constant. 

The report also states that one of the fastest-growing seg- 
ments of the physician population is female physicians. In 
1988, women comprised 32.27% of USMGs. The report as- 
sumes that this number will increase by 1.0% per year for the 
following 10 years, from 1988 to 1998, and will remain con- 
stant thereafter. Female USFMGs accounted for 21.2096 of 
the total active physician population in 1988, and that percent- 
age is projected to remain constant. Female AFMGs made up 
24.47% of the total active physician population in 1988, and 
that number is projected to remain constant. 

The number of USFMGs will increase by 63.7%, from 
18 408 in 1988 to 30 100 in 2010. The number of physicians over 
65 years of age will go from 44 533 in 1988 to 84 200 in 2010, an 
89% increase. 

The medical specialties with the highest growth rates in- 
clude internal medicine subspecialties, pediatrics, anesthesi- 
ology, and emergency medicine. Slow-growing specialties 
include general surgery and pathology. 

The report predicts that the specialty distribution will not 
change dramatically over the next 20 years and that the 
number of female physicians will increase from 16.5% in 1988 
to 29.9% in 2010. The age distribution of physicians will also 
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shift significantly over this period. In 1988, nearly 60% of the 
active physician population was less than 26 years of age. By 
2010, only 41% of physicians will be 45 years or younger. 

The physician-to-population ratio is projected to grow from 
223.7 physicians per 100 000 population in 1988 to 245.2 physi- 
cians per 100 000 population in 2010, with the bulk of that 
growth occurring prior to the year 2000. Thus, there will be 
9.6% more physicians per person in 2010 than in 1988 (Fig 2). 
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Fig 1.—Projections of the active physician population for 1988 
through 2010. 


Fig 2.— Projected number of physicians per 100 000 population for 
1988 through 2010. 
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Book Reviews 


Edited by Daniel M. Albert, MD 


An Interview With Harold Glendon 
Scheie, MD (Ophthalmology Oral His- 
tory Series, A Link With Our Past), an 
oral history conducted in 1988 by S. S. 
Hughes, Regional Oral History Office, 
University of California, Berkeley, in co- 
operation with the Foundation of the 
American Academy of Ophthalmology, 
355 pp with black-and-white illus, 1989, 
$55. 


In this well-written Ophthalmology 
Oral History Series, Harold Glendon 
Scheie is described as intense, hard- 
working, kind, and patient; he was a 
visionary, a perfectionist, and an out- 
standing surgeon and teacher. His 
steely, blue eyes seemingly had the 
ability to pierce right through a resi- 
dent. Although his residents regarded 
him with a mixture of fear and awe, 
they would never forget his dedication 
and continued striving for perfection. 
His firm voice echoed in the back- 
ground with each patient seen during 
an entire professional career. 





* ..8 series of interviews with 
Dr Scheie that explore this com- 
plicated man.” 





Dr Scheie’s patients loved him and 
showered him with gifts and dona- 
tions. So high was their admiration 
and respect for him that he was able to 
raise the entire $12.5 million for the 
Scheie Eye Institute from private 
sources. The world of medicine recog- 
nized early his talents and abilities, 
and he was accorded many awards, of- 
fices, and honors. 

Who was this man who inspired fear 
in residents, love in patients, and re- 
spect in colleagues? In the Ophthal- 
mology Oral History Series, A Link 
With Our Past, Sally Smith Hughes 
conducted a series of interviews with 
Dr Scheie that explore this compli- 
cated man. His character was formed 
in the harsh prairies of the Dakotas 
where he was born in the midst of pov- 
erty. Chapter 1 describes his family 
background and early education. It 
makes clear the meager circumstances 
of his beginnings and how hard he had 
to work to support himself at the Uni- 
versity of Minnesota, Minneapolis. He 
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lived with the dean of the medical 
school, who, by example, may have en- 
couraged him to apply to medical 
school. 

Chapter 2 details Dr Scheie's medi- 
cal school years and early career. His 
interest in ophthalmology began dur- 
ing his work as an optician. He was an 
intern at the University of Pennsylva- 
nia Hospital, Philadelphia, and the 
first resident to work under Francis 
Heed Adler. Dr Scheie's early investi- 
gative work is detailed and an inter- 
esting description is given of the 
Scheie (Mecholyl) Test for Adie's pu- 
pil. 

The chapter about Dr Scheie's war 
years as the ophthalmologist for the 
20th General Hospital explains the 
basis of his long friendship with Lord 
Louis Mountbatten and recounts his 
experience with cataract surgery on a 
headhunter. 

Chapter 4 provides information on 
the development of the ophthalmology 
program at the University of Pennsyl- 
vania and Dr Scheie's years as chair- 
man from 1960 to 1975. His work on 
hyphema, Hurler's syndrome, glau- 
coma, and cataracts is detailed. Dr 
Scheie's surgical routine is described 
and information is provided on the de- 
sign and development of the Scheie 
Eye Institute. Dr Scheie felt that his 
greatest contribution was the creation 
of the Eye Institute and its research 
endowment funds. 

A miscellaneous section recounts a 
terrifying hotel fire in Norway in 1986. 
Seventeen pages are devoted to an ex- 
tensive curriculum vitae and bibliog- 
raphy. A short biography of the inter- 
viewer and a helpful index are also 
provided. 

My last encounter with Dr Scheie 
was at the Annual Meeting of the 
American Academy of Ophthalmology 
in 1989. Still erect and proud, although 
gaunt and obviously in poor health, he 
was eager to meet my young associate. 
After Dr Scheie left, my associate de- 
scribed him as a “giant of ophthal- 
mology.” He was that, and this book 
explains why. 

JOE MCFARLANE, JR, MD 
San Antonio, Tex 


Ocular Motility and Binocular Vision 
(Sights and Sounds in Ophthalmol- 
ogy, Vol 7), by Kevin M. Miller, Hilda Ca- 
po, Robert A. Mallette, and David L. Guy- 
ton, 156-pp booklet, four 60-minute cas- 
sette tapes, and 100 color slides, St 
Louis, Mo, CV Mosby Co, 1989, $275. 


This slide, tape, and text monograph 
is a superb introduction to and thor- 
ough treatment of ocular motility and 
binocular vision that will be of use 
primarily to medical students and be- 
ginning residents. Practitioners who 
are not specialists in pediatric oph- 
thalmology and strabismus will find it 
a very useful review that could be used 
profitably from time to time to refresh 
their memories. 


“ ..asuperbintroduction to and 


thorough treatment of ocular mo- 
tility and binocular vision...” 


The topic is thoroughly covered, but 


further information might add to the 
completeness and clarity of the text. 
For example, it might be useful in the 
anatomy section to point out that the 
inferior oblique muscle has its origin 
in the anteromedial inferior orbit. 
Similarly, it would be helpful for the 
understanding of retinal rivalry and 
Panum’s fusional area to include slides 
illustrating these concepts. The text 
and spoken commentary about exotro- 
pia that accompany slide No. 15 do not 
really leave the student with an un- 
derstanding of intermittent exotropia, 
the most common form of exotropia. 
Other uses of the vectographic slides 
should be included in the spoken and 
written text that accompany slide No. 
39. 

Unfortunately, special techniques 
favored or not favored by the authors 
are given undue emphasis. For exam- 
ple, the remote cover test devised by Dr 
Guyton is a very clever technique, but 
may not be useful for the general oph- 
thalmologist or even someone espe- 
cially interested in strabismus. On the 
other hand, the preferential-looking 
technique is not merely a research tool, 
as implied by the authors, but is used 
in many clinical situations to check 
infant vision. 
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The quality of the artwork and pho- 
tography on the slides is generally ex- 
cellent. However, to improve the con- 
venience of the slides, I suggest that 
each slide be labeled with a number, so 
that these numbers could project on 
one corner of the viewing screen. This 
would make it easier to coordinate the 
slides with the tape and text. Another 
addition that would make the program 
more convenient would be to time the 
cassettes so that one would be able to 
find a subject quickly. Two of the slides 
should be redone. Slide No. 38 (illus- 
trating the use of the Worth four-dot 
test) has seven instead of five lights 
showing in the lower right-hand cor- 
ner. The hypertropia on slide No. 16 is 
not very well illustrated. 

Two further suggestions might not 
fit the brief monograph format of the 
Sights and Sounds series. The mono- 
graph would be more useful if the text 
elaborated on or explained the spoken 
dialogue rather than merely duplicat- 
ing it. Alternatively, a glossary might 
be added to the text to define terms 
that are not fully explained because of 
lack of space or time. For example, 
haploscope might be defined. 

One could use this monograph for 
establishing a firm foundation in ocu- 
lar motility and binocular vision. The 
basic concepts of ocular motility and 
strabismus, in all its clinical variety, 
are fully covered. The voices on the 
tape are pleasant and understandable, 
and the sound quality is good. The ex- 
planations are clear and concise. The 
authors are to be commended for such 
a thorough and well-organized presen- 
tation. This volume can be enthusias- 
tically recommended to medical stu- 
dents who have an interest in ocular 
motility and strabismus as well as be- 
ginning ophthalmology residents. 

ROBERT A. PETERSEN, MD 
Boston, Mass 


Wills Eye Hospital Office and Emer- 
gency Room Diagnosis and Treat- 
ment of Eye Disease, by Mark A. Fried- 
berg and Christopher J. Rapuano, 480 pp 
with illus, Philadelphia, Pa, JB Lippincott, 
1989, $37.50. 


In an era in which the ophthalmic 
literature, both textbook and periodi- 
cal, has proliferated, there has been a 
relative dearth of newly written “front 
line" resource material. As a resident 
in the emergency department of a busy 
urban eye hospital that is much like 
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that described by the authors, I have 
encountered a myriad of patients with 
multifarious complaints and manifes- 
tations of disease. It is of paramount 
importance that residents and clini- 
cians at all levels of expertise have 
quick access to lists containing the 
differential diagnoses of common and 
uncommon ophthalmic problems, as 
well as appropriate plans for the 
workup and treatment of these condi- 
tions. Drs Friedberg and Rapuano, 
residents at the Wills Eye Hospital, 
Philadelphia, Pa, have written a 
unique text that is likely to become an 
important resource for clinicians and 
residents alike. 


",.. auniquetext that is likely to 
become an important resource . . ." 


The text begins with two chapters 
dealing with the differential diagnosis 
of ocular signs and symptoms. It is 
likely that these sections will be of 
greatest value to the beginning oph- 
thalmologist and general emergency 
department physician. By referring to 
these lists, one can identify quickly the 
more common causes of different prob- 
lems. The rest of the text, which is or- 
ganized by diagnosis, can be used to 
better characterize each of the diag- 
nostic possibilities. A basic knowledge 
of ophthalmic disease is required for 
effective use of these first chapters as 
a springboard to the rest of the text. 

A nonophthalmologist might find it 
difficult to proceed effectively when the 
long lists of conditions causing, for ex- 
ample, binocular diplopia or tearing 
are considered. This is no fault of the 
authors since the lists are complete. 
Rather, it results from the wide spec- 
trum of ophthalmic diseases and their 
protean manifestations. In fact, it is 
this same complete list that we all 
must consider when treating a patient 
whose diagnosis remains elusive or 
whose disease remains recalcitrant to 
treatment. Wherever possible, the au- 
thors separate the more and less com- 
mon causes of conditions and define 
terminology that may be unfamiliar to 
the reader. 

The text continues with 13 chapters 
organized according to the common 
ophthalmic disciplines (eg, cornea and 
neuroophthalmology) and a section 
dealing with traumatic injuries to the 
eye and its adnexa. Each diagnostic 
entity is outlined agcording to symp- 
toms, signs, etiology, differential diag- 
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nosis, workup, treatment, and follow- 
up. Each section is complete and all 
important entities are considered. 
There is an excellent chapter entitled 
"Systemic Disorders" in which oph- 
thalmic manifestations of systemic 
disease are outlined. This section will 
be helpful to both the ophthalmologist 
acting in a consultative capacity and 
the generalist evaluating eye com- 
plaints in patients with systemic ill- 
ness. 

As might be expected, the details 
concerning treatment of the various 
eye diseases discussed throughout the 
text vary the most. The treatment of 
the more common acute eye problems 
is presented in great detail and will 
adequately guide the treating physi- 
cian. However, the treatment of less 
common, more chronic conditions is 
discussed less exhaustively, although 
still clearly defined. This discrepancy 
is compensated for by superior detail- 
ing of differential diagnoses and de- 
tails regarding the workup of virtually 
all disease entities considered. The 
text contains only scattered references 
and therefore will not satisfactorily 
point the reader to other sources. 

The final sections are appendixes 
that contain an unusual array of prac- 
tical information. Included are discus- 
sions of the different mydriatic agents 
and proper use of the Amsler grid, a 
description of the Siedel test, and in- 
structions to aid in the preparation of 
fortified antibiotics. Finally, glossa- 
ries defining common ocular drugs and 
their side effects as well as common 
ophthalmologic terms round out a 
complete reference book. 

Written by residents who consulted 
clinicians with vast clinical expertise, 
Wills Eye Hospital Office and Emer- 
gency Room Diagnosis and Treatment 
of Eye Disease is a combination of a 
well-organized, “quick” reference book 
and a complete guide to the differen- 
tial diagnosis and workup of eye dis- 
ease. The greatest strength of this 
book is its telescopic format that al- 
lows quick access to a great deal of in- 
formation. The authors are to be com- 
mended. It is likely, with updated edi- 
tions to follow, that this book will be 
found in the pockets and lockers of 
many ophthalmology residents, in the 
general emergency department 
“trenches,” and on the shelves of many 
clinicians’ offices for years to come. 

NICHOLAS VOLPE, MD 
Boston, Mass 
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Questions and Answers 
Edited by Stewart MacKay Wolff, MD 


The rapid and complex advances in ophthalmic science make it difficult to keep up with the many changes 
that are occurring in our specialty. The ARCHIVES solicits your questions and requests that they be clearly 
stated and reasonably focused. We cannot expect our consultants to respond to questions that are too wide 
ranging and not clearly defined. Please limit your questions to five or six double-spaced lines and follow the 
guidelines put forth in our “Instructions for Authors” (see Table of Contents for issue information). A signed 
copyright transmittal letter to the AMA should accompany all submissions. We have asked our referees to 
limit their answers to 35 lines. Questions should be sent to Stewart M. Wolff, MD, 11 E Chase St, Baltimore, 
MD 21202. We will do our best to provide answers to all appropriate questions. 


Safe Surgery in Patients With Pemphigus 


Q In older patients with pemphigus that is apparently inac- 
tive, is surgery for treatment of entropion or cataract safe? 


A In an older patient with pemphigus, I would not shy 

away from surgery to treat entropion if it was indi- 
cated. I would, however, choose a procedure that splits the 
tarsus, thereby positioning the lashes further from the cor- 
nea, rather than a procedure with lid margin recession. 

I would not delay cataract extraction in such a patient if it 
were necessary, but I would try not to disturb the patient's 
conjunctiva. I would perform an extracapsular procedure 
with a very anterior (corneal) incision, to prevent recurrence 
of the disease. After all, postoperative astigmatism is not the 
worst potential complication in this case. 

In both situations, I would administer preoperative ste- 
roids (topical and, if tolerable, oral) to the patient for 48 hours 
before surgery and for 10 to 14 days after surgery. 

MARGUERITE MCDONALD, MD 
New Orleans, La 





Retinopathy of Prematurity and Infants With Down 
Syndrome 





Retinopathy of prematurity (ROP) is on the rise, partially 

due to the salvage of an increasing number of tiny, pre- 

mature infants. While its cause is not known, ‘‘oxygen toxicity" 

has been consistently mentioned through the years. One enzyme 

responsible for detoxifying oxygen-free radicals is superoxide 

dismutase, coded on the 21st chromosome. Has anyone found 
cases of ROP in infants documented to have trisomy 21? 

BRIAN D. ALTMAN, MD 

Plymouth Meeting, Pa 
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Dr Altman’s question raises an interesting problem. 
A Superoxide dismutase is one of the biologically active 
oxygen radical scavengers essential for the cell to handle 
potentially toxic forms of oxygen. The gene for the copper/ 
zinc superoxide dismutase has recently been localized in the 
21st chromosome. The 21st chromosome is trisomicin Down 
syndrome. The levels of superoxide dismutase in Down syn- 
drome tissues have been shown to be 1% to 2% times the 
normal values. It has been recommended, in fact, as a useful 
prenatal assay for the diagnosis of Down syndrome. 

Down syndrome occurs once in every 4000 to 5000 live 
births and prematurity occurs in approximately 10% of all 
live births. This makes the odds of finding a premature 
infant with Down syndrome extremely rare; I have never 
seen one. The likelihood of finding ROP in a premature 
infant with Down syndrome is extremely remote. 

One of the theories advanced as a potential cause of ROP 
is the immaturity and low levels of enzymes, such as su- 
peroxide dismutase. This theory has not been proven, how- 
ever. One would have to assemble a series of patients with 
Down syndrome and compare them with a matched series 
of premature controls to prove that ROP was less frequent 
in the former group than in the latter group due to elevated 
levels of superoxide dismutase. This would be a staggering 
task. To my knowledge, no cases of Down syndrome with 
ROP have been reported. 

JOHN T. FLYNN, MD 
Miami, Fla 


1. Porstman T, Wietschke R, Cobet G, et al. Immunochemical quantifica- 
tion of Cu/Zn superoxide dismutase in prenatal diagnosis of Down's 
syndrome. Hum Genet. 1990;85:362-366. 

2. Forslid J, Bjiorkstein B, Hagersten K, Hed J. Erthyrocyte-mediated 
scavenging of reactive oxygen metabolites generated by human polymor- 
phonuclear leukocytes during phagocytosis: comparison between normal and 
Down's syndrome blood cells. Inflammation. 1989;13:543-551. 

3. Kiedziora J, Bartosz G. Down's syndrome: a pathology involving the 
lack of balance of reactive oxygen species. Free Radic Biol Med. 1988;4:317- 
330. 
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News and Comment 


$1.5 Million Gift To Wilmer Oph- 
thalmological Institute An- 
nounced.—Akef El-Maghraby, MD, 
medical director of the Saudi Eye Foun- 
dation, Jeddah, Saudi Arabia, has made 
a gift of $1.05 million to the Wilmer 
Ophthalmological Institute of The 
Johns Hopkins University in Baltimore, 
Md, to create the Akef El-Maghraby 
Chair for the Prevention of Blindness. 
In addition, the Wilmer Institute and 
the Saudi Eye Foundation at the El- 
Maghraby Eye Hospital in Jeddah have 
agreed on discussions for a collaboration 
that will include consultations, re- 
search, treatment, and prevention of 
blindness programs. Fellowships to the 
Wilmer Institute will also be offered to 
selected Saudi ophthalmology special- 
ists in different subspecialties. The col- 
laborative exchanges and related re- 
search at the two institutes will be 
supported by an additional $500 000 
from Dr El-Maghraby. 


Alcon Research Institute An- 
nounces 1991 Awardees.— Alcon Re- 
search Institute Advisory Committee 
recently selected its awardees for 1991. 
The Institute selects individuals who, in 
their judgment, have made important 
contributions to vision research. The 
monetary award is granted with the ex- 
pectation that the individual will apply 
it to further research. An award of 
$60 000 was given to each of the follow- 
ing scientists: Jules Baum, MD, Bos- 
ton, Mass; Denis A. Baylor, MD, Stan- 
ford, Calif; S. S. Bhattacharya, MSc, 
PhD, Newcastle-upon-Tyne, England; 
James P. Dillon, PhD, New York, NY: 
Josef Flammer, MD, Basel, Switzer- 
land; David L. Guyton, MD, Balti- 
more, Md; John R. Hassell, PhD, Pitts- 
burgh, Pa; Richard N. Lolley, PhD, 
Sepulveda, Calif; Joram P. Piati- 
gorsky, PhD, Bethesda, Md; Robert R. 
Rando, PhD, Boston, Mass; Gunter K. 
von Noorden, MD, Houston, Tex; Per 
Wistrand, MD, Uppsala, Sweden; and 
Alan Wright, PhD, Edinburgh, Scot- 
land. Alcon Research Institute is fund- 
ed by Alcon Laboratories Inc, but is 
directed by an independent advisory 
committee of Steven M. Podos, MD, 
New York, NY; Anders Bill, MD, Upp- 
sala, Sweden; Hans Bloemendal, PhD, 
the Netherlands; Henry F. Edel- 
hauser, PhD, Atlanta, Ga; Morton F. 
Goldberg, MD, Baltimore, Md; Yo- 
shiaski Kitazawa, MD, Gifu, Japan; 
Howard M. Leibowitz, MD, Boston, 
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Standing left to right, Alfred Sommer, MD; Morton F. Goldberg, MD; Harry A. Quigley, MD; and 
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Michael E. Johns, MD. Seated, Akef El-Maghraby, MD. 


Mass; Elke Lutjen-Drecoll, MD, Er- 
langen, Germany; Neville N. Osborne, 
PhD, Oxford, England; and Abraham 
Spector, PhD, New York, NY. 


Three New Members Appointed to 
the National Advisory Eye Council. — 
US Department of Health and Human 
Services Secretary Louis W. Sullivan, 
MD, has appointed three new members 
to the National Advisory Eye Council, 
the principal advisory body to the Na- 
tional Eye Institute. They are Wilbur 
C. Blount, MD, a specialist in retinal 
and vitreous diseases, who combines 
private practice in ophthalmology with 
teaching at the Ohio State University 
College of Medicine, Columbus; Mary 
Beth Burnside, PhD, professor of biol- 
ogy at the University of California, 
Berkeley, and dean of biological sci- 
ences from 1983 to 1990; and Maurice F. 
Rabb, MD, professor of clinical ophthal- 
mology at the University of Illinois, 
chief of the Division of Ophthalmology 
at Mercy Medical Center, and director 
of the National Society to Prevent 
Blindness, all in Chicago. The new ap- 
pointees, who will serve through No- 
vember 1993, join eight other council 
members and five ex officio representa- 
tives in advising institute director Carl 
Kupfer, MD, and his staff. The council 
provides advice on the awarding of 
grants for vision research anc research 
training, and provides guidance on Na- 
tional Eye Institute research poliey and 
program planning. 


National Eye Institute Announces 
Clinical Study. — The National Eye In- 
stitute announced a nationwide clinical 
study to track the development and pro- 
gression of cataracts and age-related 
macular degeneration. The Age-Relat- 


ed Eye Disease Study, which, according 
to the institute, is the first attempt to 
follow the natural history of the two eye 
diseases, will be conducted at 11 re- 
search centers. The centers have begun 
recruiting study participants aged 60 to 
75 years. Prospective study partici- 
pants need not have cataracts or age- 
related macular degeneration to be en- 
rolled in the project. They will receive 
two eye examinations annually until the 
year 2000. During this period, research- 
ers will monitor and collect data on how 
the eye ages. The following is a list of 
principal investigators and participat- 
ing study centers: Michael Lambert, 
MD, and Thomas A. Aaberg, MD, De- 
partment of Ophthalmology, Emory 
University Eye Center, Room 4901, 
1327 Clifton Rd NE, Atlanta, GA 30322, 
(404) 248-5802, Fax: (404) 248-5128; 
David H. Orth, MD, and Timothy P. 
Flood, MD, Ingalls Memorial Hospital, 
Irwin Retina Center, 1 Ingalls Dr, Har- 
vey, IL 60426, (708) 596-8710, Fax: 
(708) 596-9820; Neil Bressler, MD, Su- 
san Bressler, MD, Gary Cassel, MD, 
Julia Haller, MD, Andrew Schachat, 
MD, and Steven Sherman, MD, Wil- 
mer Ophthalmological Institute, The 
Johns Hopkins Medical Institutions, 
600 N Wolfe St, Baltimore, MD 21205, 
(301) 955-2840, Fax: (301) 955-0869; Mi- 
chael J. Elman, MD, Department of 
Ophthalmology, Retina Service, Uni- 
versity of Maryland School of Medicine, 
22 S Greene St, Baltimore, MD 21201- 
1590, (301) 328-6533, Fax: (301) 328- 
6503 or 6346; Emily Y. Chew, MD, and 
Frederick L. Ferris III, MD, National 
Eye Institute, Bldg 10, Room 10C420, 
Bethesda, MD 20892, (301) 496-6583, 
Fax: (301) 402-0511; Johanna Seddon, 
MD, Evangelos S. Gragoudas, MD, 
and Carmen Puliafito, MD, Retina 
Service, Massachusetts Eye and Ear 
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Infirmary, 243 Charles St, Boston, MA 
02114, (617) 573-3285, Fax: (617) 523- 
1142; Raymond R. Magherio, MD, 
Patrick Murphy, MD, Morton Cox, 
MD, Michael Trese, MD, Mark Blu- 
menkranz, MD, and George Williams, 
MD, Associated Retinal Consultants 
PC, 3535 W Thirteen Mile Rd, Suite 
636, Royal Oak, MI 48073, (313) 288- 
2280, Fax: (313) 288-5644; Aaron Kas- 
soff, MD, and Shalom Kieval, MD, De- 
partment of Ophthalmology, Albany 
Medical College, Pinnacle Place, 
MeKeown Rd, Albany, NY 12208, (518) 
459-0744, Fax: (518) 459-0741; Richard 
F. Dreyer, MD, Richard  G. 
Chenoweth, MD, and Jack Silis, MD, 
Devers Eye Institute, 1040 NW 22nd 
Ave, Portland, OR 97210-3065, (503) 
229-7746, Fax: (503) 790-1201; Thomas 
Friberg, MD, Richard A. Thoft, MD, 
Harold F. Leeper, MD, PhD, and 
Joyce A. D'Antonio, PhD, The Eye and 
Ear Institute, 203 Lothrop St, Pitts- 
burgh, PA 15213, (412) 647-2214, Fax: 
(412) 647-2332; Suresh R. Chandra, 
MD, Frank L. Myers, MD, and George 
Bresnick, MD, Department of Oph- 
thalmology, University of Wisconsin, 
University Station Clinics, Room 224, 
280 University Ave, Madison, WI 
53705, (608) 263-9338, Fax: (608) 263- 
1694; Coordinating Center: Fred 
Ederer, MS, FACE, and Anne S. 
Lindblad, PhD, The EMMES Corpora- 
tion, 11324 Seven Locks Rd, Suite 214, 
Potomac, MD 20854, (301) 299-8655. 


Jane D. Kivlin, MD, Appointed As- 
sociate Professor of Ophthalmology 
and Pediatrics at the Medical College 
of Wisconsin Eye Institute and Chil- 
dren’s Hospital of Wisconsin. — Jane 
D. Kivlin, MD, has been appointed as- 
sociate professor of ophthalmology and 
pediatries in the Department of Oph- 
thalmology at the Eye Institute and 
Children's Hospital of Wisconsin in Mil- 
waukee. Dr Kivlin came from the Uni- 
versity of Utah School of Medicine in 
Salt Lake City where she served as as- 
sociate professor of ophthalmology and 
adjunet associate professor of pediat- 
ries. She earned her medical degree 
from The Johns Hopkins University in 
Baltimore, Md, in 1975 and completed 
her residency at the Wilmer Ophthal- 
mological Institute there. Dr Kivlin also 
completed fellowships in ophthalmic ge- 
netics at the Wilmer Institute and in 
pediatric ophthalmology at the Bascom 
Palmer Eye Institute in Miami, Fla. 


Carl Kupfer, MD, Receives Presi- 
dential Rank Award.— Carl Kupfer, 
MD, Director of the National Eye Insti- 
tute (NEI), recently received the Dis- 
tinguished Presidential Rank Award 
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and a $20 000 stipend from President 
Bush for "sustained extraordinary ac- 
complishment in management of pro- 
grams ofthe United States Government 
and for leadership exemplifying the 
highest standards of service to the pub- 
lic, reflecting credit on the career civil 
service." Dr Kupfer was one of 66 feder- 
al executives to receive the award. As 
the first and only director of the NEI (a 
component of the National Institutes of 
Health), Dr Kupfer has been responsi- 
ble since 1970 for guiding the Institute's 
vision research program. Under his di- 
rection, the NEI has grown from a staff 
of 20 with a $23 million budget to a staff 
of approximately 260 with a budget of 
$253 million. 


Special Recognition Awards Pre- 
sented by the Association for Re- 
search in Vision and Ophthalmolo- 
gy.—Robert B. Nussenblatt, MD, 
clinieal director and acting scientific di- 
rector of the National Eye Institute in 
Bethesda, Md, has been selected as a 
corecipient of the 1991 Proctor Medal 
for excellence in basic and clinical eye 
research. He will share the award with 
Waldon B. Wacker, MD, professor 
emeritus at the University of Louisville 
in Kentucky. The Proctor Medal, estab- 
lished in memory of Francis I. Proctor, 
MD, in 1946, is one of the awards the 
Association for Research in Vision and 
Ophthalmology presents annually to 
highlight individual achievement in ba- 
sic vision research. The association also 
presents the Friedenwald Award, 
which in 1991 was presented to Richard 
F. Brubaker, MD, and the Cogan 
Award, which was presented in 1991 to 
Jay S. Pepose, MD. 


Wilmer Ophthalmological Insti- 
tute Receives Endowment for Eye Re- 
search.—The Johns Hopkins Wilmer 
Ophthalmological Institute in Balti- 
more, Md, has received gifts totaling 
$1.75 million to fund research from 
Lewis J. Ort, president of Ort’s Inc, a 
manufacturer of baking supplies based 
in La Vale, Md. The gifts from Mr Ort 
and his family endowed a professorial 
chair that was dedicated in ceremonies 
on April 3, 1991. Irene H. Maumenee, 
MD, Professor of Ophthalmology, Pedi- 
atrics, and Medicine, was named as the 
first Ort Professor of Ophthalmology. 

Dr Maumenee founded the Johns 
Hopkins Center for Hereditary Eye 
Diseases at The Wilmer Institute 
19 years ago. The center specializes in 
the diagnosis and treatment of patients 
with hereditary eye diseases that affect 
the retina or lead to cataracts, glauco- 
ma, or corneal diseases. 





Lewis J. Ort 





David A. Hiles, MD 


Director of Pediatric Ophthalmolo- 
gy Services Named at Children’s Hos- 
pital of Pittsburgh, Pa.—David A. 
Hiles, MD, recently accepted a full-time 
position as director of Pediatric Oph- 
thalmology Services at Children’s Hos- 
pital of Pittsburgh and chief of the Divi- 
sion of Pediatric Ophthalmology at the 
University of Pittsburgh School of 
Medicine. He will supervise an expan- 
sion of the hospital’s program to include 
primary care examinations, consulta- 
tion/surgical services, and on-site opti- 
cal laboratory services. Dr Hiles re- 
ceived his medical degree from the 
University of Pittsburgh School of 
Medicine in 1959. Following an intern- 
ship at the Harrisburg (Pa) Polyclinic 
Hospital, an ophthalmology residency 
at the Pittsburgh Eye and Ear Hospital, 
and a pediatric ophthalmology fellow- 
ship at Children’s Hospital of the Dis- 
trict of Columbia in Washington, he en- 
tered private practice. 
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Scanning Electron Micrographs 

Of Human Corneal Epithelial Cells 

Treated With Ocular Lubricants For 

60 Minutes (In Vitro - 1000X Magnification. 
Clinical Significance Is Unknown)! 
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STAGE 2 
IN THE SYSTEM FOR OCULAR SURFACE DISEASE 


A Rational Plan To Manage Dry Eye Associated With Ocular Surface Disease 
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Editorials 


Hypertension and Visual Outcome in the 


Macular Photocoagulation Study 


he Macular Photocoagulation Study (MPS), a 

multicenter randomized clinical trial that is eval- 
uating photocoagulation for treatment of choroidal 
neovascularization from age-related macular degen- 
eration (AMD), presumed ocular histoplasmosis, and 
idiopathic choroidal neovascular membranes, has 
provided important guidelines for therapy.'* One as- 
pect of the study that has received relatively little at- 
tention is the interplay between systemic hyperten- 
sion and choroidal neovascularization. In 1979, when 
the MPS began enrolling patients, there was no rea- 
son to suspect that systemic hypertension would play 
an important role in the clinical outcomes. Although 
it was plausible that an increase in intraluminal 
pressures in choroidal vessels might contribute to vi- 
sual loss in treated or untreated eyes, there was little 
or no evidence to support this hypothesis. The study 
included measurement of blood pressure in all pa- 
tients. Analysis of the outcomes in patients with and 
without hypertension has produced some interesting 
results. 

The MPS defined a patient as having “definite 
hypertension” if the patient was taking antihyper- 
tensive medications, had a systolic blood pressure of 
160 mm Hg or greater, or had a diastolic blood pres- 
sure of 95 mm Hg or greater, based on a single read- 
ing. Blood pressure was measured in the clinical cen- 
ters by a resident physician, the ophthalmologist, or 
the clinic coordinator. Although such casual blood 
pressure measurements are not ideal for determining 
the patient’s true blood pressure, the technique was 
consistent in each clinic, and there is no reason to 
suspect that treatment-related bias was introduced in 
the measurements, since measurements were made 
prior to randomization. Thus, any differences in the 
visual outcomes of patients with and without hyper- 
tension probably are real and may have been even 
more apparent if a more precise or standard mea- 
surement of blood pressure had been obtained. 

Definite hypertension as defined above was com- 
mon. In the argon laser photocoagulation study’ of 
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AMD in patients with extrafoveal membranes, defi- 
nite hypertension was present in almost 60% of the 
patients. In the krypton laser study’ of patients with 
AMD and juxtafoveal membranes, definite hyperten- 
sion was present in about 55% of patients. In addition, 
suspected hypertension (defined as no definite hyper- 
tension, but a systolic blood pressure between 140 and 
159 mm Hg or a diastolic blood pressure between 90 
and 94 mm Hg) was present in 20% of patients. It 
should be understood that this single blood pressure 
measurement is not necessarily indicative of the true 
prevalence of hypertension in these patients; how- 
ever, these prevalences are not different from those 
previously reported in patients in the same age group 
as those in the MPS.’ These results indicate, however, 
that all patients with AMD, and perhaps all patients 
in this age group who are not being followed up by a 
primary care physician, should have their blood pres- 
sures measured. If elevated blood pressure is de- 
tected, referral to a physician for further evaluation 
and possible treatment of hypertension is indicated. 

The high prevalence of definite hypertension (MPS 
definition) in AMD-afflicted patients and a lower, but 
still impressive, prevalence in patients with pre- 
sumed ocular histoplasmosis (approximately 25% of 
patients) become even more important considering 
the difference in visual outcomes between patients 
with definite hypertension and those without definite 
hypertension. In AMD-afflicted patients who received 
argon laser treatment for extrafoveal membranes, 
the MPS reported! that those with definite hyperten- 
sion experienced less benefit from treatment than did 
those without definite hypertension. With further 
follow-up, however, the results showed that both hy- 
pertensive and non-hypertensive patients benefited 
similarly from treatment. However, in the study of 
AMD-afflicted patients with juxtafoveal membranes 
who received krypton laser treatment, those patients 
with definite hypertension experienced no apparent 
benefits from treatment.’ 

In patients with histoplasmosis who received argon 
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laser treatment for extrafoveal membranes, treat- 
ment benefit again was greatly reduced in patients 
with definite hypertension.’ The rate of recurrence of 
neovascularization was slightly higher in hyperten- 
sive patients, but this did not explain the difference in 
visual outcome.** 

Finally, in patients with histoplasmosis who re- 
ceived krypton laser treatment for juxtafoveal mem- 
branes, both treated and untreated eyes in patients 
with definite hypertension did worse than patients 
without hypertension as defined by the percentage of 
eyes showing a decrease of six or more lines of vision.! 
In these patients, the rate of posttreatment persis- 
tence of neovascularization was significantly higher 
in patients with definite hypertension. The recurrence 
rate was also higher in patients with definite hyper- 
tension, although not significantly so.*” 

What can we learn from these data? There is a 
strong suggestion from all four of these MPS trials 
that hypertension in patients with choroidal neovas- 
cularization had a negative effect on their response to 
laser treatment. In some circumstances (the krypton 
histoplasmosis trial), hypertension was also associ- 
ated with a poorer outcome in untreated eyes. In one 
trial (krypton-AMD), no benefit from laser treatment 
was demonstrated in hypertensive patients. Hyper- 
tension sometimes was associated with higher rates 
of persistence or recurrence of neovascularization, 
both portending an unfavorable prognosis. Correction 
for other potential risk factors, such as age and gen- 
der, did not alter the results. 

The explanations for the interplay between hyper- 
tension and visual outcome are uncertain. In the 
krypton-AMD trial? medicated hypertensive pa- 
tients, even those observed to have normal blood 
pressure, did not benefit from laser treatment. There- 
fore, lowered blood pressure at the time of treatment 
apparently does not return the patient to the nor- 
motensive risk category. The data do not suggest that 
antihypertensive medications affect treatment out- 
comes. 

There are not enough data at present to suggest 
that patients with choroidal neovascularization and 
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hypertension should not receive laser treatment. We 
also do not know whether long-term, satisfactory 
treatment of the hypertension would improve the vi- 
sual prognosis in a treated or untreated eye. Possible 
explanations for the effect of hypertension on visual 
outcome include arteriosclerotic changes occurring in 
choroidal vessels, increased intraluminal pressure, 
and increased tendency to hemorrhage. Hypertension 
may also affect retinal pigment epithelial cell func- 
tion. Further research investigating the effects of hy- 
pertension on choroidal vasculature and retinal pig- 
ment epithelial cell function is definitely indicated. In 
the meantime, the data strongly suggest that oph- 
thalmologists measure the blood pressure of patients 
with choroidal neovascularization and that they con- 
sider blood pressure when discussing the visual prog- 
nosis, especially for treated eyes. 

LEE M. JAMPOL, MD 

Chicago, Ill 
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Editorials 


The Management of Retinal Detachments 
in Patients With Acquired 
Immunodeficiency Syndrome 


hegmatogenous retinal detachments are common 

complications of necrotizing infections of the reti- 
na, including cytomegalovirus (CMV) retinopathy in 
patients with acquired immunodeficiency syndrome 
(AIDS). As the length of survival of patients with AIDS 
increases, and as we improve our ability to control CMV 
retinopathy with new antiviral drugs, attention has 
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been focused on the appropriate management of these 
retinal detachments. The article by Jabs and associates’ 
in this issue of the ARCHIVES is a major contribution to 
the literature addressing this important problem. 
Issues of concern extend far beyond the techniques of 
repair of CMV retinopathy. They include risk factors, 
indications for surgical referral, and expected out- 
comes. The severity of AIDS and the high mortality of 
patients with AIDS and CMV retinopathy must be 
considered in planning the management of these retinal 
detachments. It is on these issues, which should con- 
cern all ophthalmologists, that I will concentrate. 
Cytomegalovirus retinopathy is by far the most com- 
mon ocular infection in patients with AIDS, and prior 
studies? have estimated that 20% to 29% of patients 
with CMV retinopathy will ultimately experience reti- 
nal detachment. Jabs and associates, however, found 
that the number of cases increased with time, suggest- 
ing that most patients will experience retinal detach- 
ment if they live long enough. The median interval 
between diagnosis of CMV retinopathy and the devel- 
opment of a rhegmatogenous retinal detachment has 
been found to be about 4 months in most series.'* Be- 
cause of retinochoroidal adhesions at the borders of 
lesions, the configuration of these retinal detachments 
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may lead to the mistaken impression that they are 
exudative.^^^ 

Retinal detachments associated with CMV retinopa- 
thy are among the most difficult to repair because of 
extensive retinal necrosis with multiple and, often, 
posterior hole formation. Also, a high incidence of asso- 
ciated proliferative vitreoretinopathy has been report- 
ed,” although not all investigators agree that this com- 
plication is common. If retinal detachment occurs with a 
very small, peripheral, infectious lesion that has come 
under good control with medical therapy, it may be 
amenable to repair by scleral buckling alone.** Most 
surgeons, however, agree that the vast majority of 
cases should be repaired using vitrectomy and silicone 
oil tamponade.'^ Nearly all agree that the procedure 
successfully reattaches the retina, at least initially, in 
most patients. This procedure has other advantages as 
well. It is often shorter than a scleral buckling proce- 
dure, an important consideration when debilitated pa- 
tients undergo surgery. It requires less suturing, and 
thus reduces the small but potential risk to the surgeon 
of human immunodeficiency virus transmission 
through a needlestick or other sharp-instrument 
injury. 

Although the technique of repair is not the primary 
subject of this discussion, it has important ramifications 
in terms of visual rehabilitation for those subsequently 
involved in the patient’s care. Silicone oil alters a pa- 
tient’s refractive status by causing a marked hyperopic 
shift. Rehabilitation with contact lenses may be needed 
if binocularity is to be achieved, but successful contact 
lens wear in this group of patients may be difficult 
because of their debilitation, and contact lens—associ- 
ated corneal infections, if they occur, may be difficult to 
treat.’ Another disadvantage of use of silicone oil is that 
it reduces patients’ accommodative amplitudes." 

Silicone oil may also cause posterior subcapsular cat- 
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aract formation. In my experience, the proportion of 
patients that ultimately develop lens changes is much 
higher than that reported by Jabs and associates, who 
observed cataract formation in only one patient after 
using silicone oil, or by Freeman and associates,’ who 
reported clear lenses in all patients during their study. 
Both Sidikaro and associates’ and Irvine? reported cata- 
ract formation as a frequent sequela of the procedure, 
but, as Irvine noted, cataracts may not be the factor 
limiting final vision. 

A better understanding of the relationship between 
lesion characteristics, the risk of retinal detachments, 
and the outcome of surgical repair would assist in pa- 
tient management. Knowing which patients are at 
highest risk of detachment would encourage closer fol- 
low-up or even prophylactic photocoagulation of select- 
ed lesions; knowing which patients do well postopera- 
tively might help in the selection of the most 
appropriate surgical candidates. Jabs and associates 
have found a relationship between retinal detachments 
and lesions extending to the ora serrata retinae, which 
concurs with an earlier observation by Freeman and 
associates” that patients with anterior lesions are at 
greater risk of detachment. The authors also provide 
convincing evidence that patients with lesions involv- 
ing more than 50% of the retina have a greater rate of 
retinal detachment than do eyes with lesions involving 
less than 50% of the retina. A correlation between size 
and detachment rate makes intuitive sense, but the 
authors were able to establish such a relationship only 
for very large lesions; they did not observe an increas- 
ing rate of detachments with increasing lesion size 
when CMV retinopathy involved less than 50% of the 
retina. 

More controversial is the relationship between the 
activity of lesions and risk of retinal detachment. Free- 
man and associates’ reported that in all cases, retinal 
detachments occurred in patients with “healed” lesions. 
Sidikaro and associates,’ on the other hand, reported 
some degree of activity in all patients with retinal de- 
tachment and suggested that, once a lesion is complete- 
ly inactive and scarred, retinal detachment is unlikely. 
This discrepancy may simply reflect an imprecise vo- 
cabulary; there is frequently some residual, low-grade 
activity at the borders of CMV retinopathy lesions, 
even after most retinal opacification has resolved.* Jabs 
and associates found no relationship between the activi- 
ty of lesions and detachment rate. 

One of the most controversial findings in their study 
is that antiviral therapy may delay the onset of retinal 
detachment, which conflicts with findings of previous 
reports suggesting an increased detachment rate be- 
cause of ganciclovir use.”* Before the AIDS epidemic, 
retinal detachments were considered a late complica- 
tion of CMV retinopathy^' they occurred as edema 
resolved and retinal holes developed in the healing 
process. It has been argued that antiviral drugs hasten 
the development of these otherwise late retinal detach- 
ments by accelerating the healing of lesions.* Freeman 
and associates’ also suggested that ganciclovir might 
reduce adhesive scar formation. 
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The mechanism by which ganciclovir might actually 
delay the onset of retinal detachment is unclear. The 
authors report that the benefits of treatment could not 
be attributed to its effect on lesion size or location, but 
the details of their multivariate analysis are not pre- 
sented, and their sample was small. A clearer under- 
standing of the relationship between treatment and 
detachment rate awaits further study; the current data 
are provocative, but do not strongly indicate a treat- 
ment benefit. The study is limited by its retrospective 
nature and the patients’ nonrandom treatment assign- 
ments. The issue of the effect of treatment on detach- 
ment rates is being addressed in a prospective, random- 
ized study sponsored by the National Eye Institute 
at 12 Studies of the Ocular Complications of AIDS 
(SOCA) Centers throughout the country. Among the 
questions being asked in the SOCA CMV Retinitis Trial 
is whether immediate vs delayed treatment of small, 
peripheral lesions affects retinal detachment rates. As 
stated by Jabs and associates, until there is more infor- 
mation on this subject, “risk-benefit analysis in any 
given patient may still favor observation.” 

Although few patients with CMV retinopathy devel- 
op retinal detachments while alive, a majority of those 
who do have retinal detachments in both eyes,’ suggest- 
ing that host factors may influence the risk of retinal 
detachment. Irvine’ identified one such factor; he noted 
an increased prevalence of myopia in patients who de- 
veloped retinal detachments. 

The initial enthusiasm for repairing retinal detach- 
ments in patients with AIDS, based on “anatomical 
successes,” has been tempered more recently by the 
poor visual results. Jabs and associates have empha- 
sized this discrepancy. Only one patient treated with 
vitrectomy and silicone oil tamponade achieved a final 
visual acuity of better than 20/200. In contrast, Sidikaro 
and associates’ achieved final postoperative visual acu- 
ities of as good as 20/40 using the same procedure. The 
reason for these differences in visual results is unclear. 
It may reflect differences in the severity and extent of 
disease, which were not reported by Sidikaro and asso- 
ciates, or it may reflect differences in length of survival; 
the patients described by Sidikaro and associates, ex- 
amined in 1987 and earlier, had a median survival after 
surgery of 4.5 months, while the median survival of the 
more recently studied patients described by Jabs and 
associates was 9 months. The progression of disease 
described by Sidikaro and associates in their patients 
might have led to equally poor results had their patients 
lived longer. Irvine* documented continued deteriora- 
tion of vision after surgery. Most of his patients had 
very poor final visual acuities, but some patients re- 
tained 20/30 to 20/80 visual acuity for at least 3 months 
after surgery. The median length of survival in his 
series was 6 months. 

Why are visual results so poor? Causes are not al- 
ways evident, and poor results probably reflect many 
factors. All patients described by Jabs and associates 
who underwent vitrectomy and silicone oil tamponade 
had detached maculas before surgery. Recurrent reti- 
nal detachments, which usually occur inferiorly,‘ devel- 
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op in 30% to 50% of all cases." Patients sometimes have 
poor retinal vascular perfusion pressure at surgery, 
requiring reduced flow through the infusion port during 
vitrectomy (David S. Boyer, MD, oral communication, 
February 1991). Although this problem has apparently 
not been encountered by all surgeons, it is not surpris- 
ing in view of the profound alterations in blood flow that 
occur in patients with AIDS" and may explain the devel- 
opment of optic atrophy in some patients after surgery. 
Continued progression of infection is probably the ma- 
jor cause of poor visual results. It has even been sug- 
gested by some investigators that CMV retinopathy is 
harder to control with ganciclovir or foscarnet sodium 
after retinal detachment repair. Further study is re- 
quired to determine whether this observation is valid, 
and, if so, whether the poor control is related to the 
presence of silicone oil or simply to the fact that such 
patients are in later stages of infection. 

Such modest final visual results are much better than 
final visual results in eyes with retinal detachments 
that did not undergo surgery (invariably visual acuities 
of hand motions or worse)."* Although vision apparent- 
ly continues to worsen after surgery, a few additional 
weeks or months of useful vision may itself justify the 
procedure. Another factor that should be considered, 
however, is the patient's best visual acuity with both 
eyes. Jabs and associates found little difference in final 
visual acuity in the better eye when patients who had 
surgery were compared with those who had not. Ir- 
vine,‘ however, found that, in many of his patients, the 
eye undergoing surgery ultimately became the better 
eye. Also, the high frequency of bilateral retinal de- 
tachments indicates the benefit of repair for patients 
with bilateral infection. 

Other less common necrotizing infections may also 
lead to retinal detachment in patients with AIDS’; they 
include toxoplasmic retinochoroiditis and varicella-zos- 
ter virus-induced retinitis. Similar questions about 
management arise in these patients, but it should be 
remembered that the characteristics of their infections 
are somewhat different than those of patients with 
CMV retinopathy, and these differences might influ- 
ence decisions about retinal detachment surgery. Both 
ocular toxoplasmosis and varicella-zoster virus infec- 
tions appear to occur earlier in the course of human 
immunodeficiency virus disease than does CMV reti- 
nopathy. Patients with these conditions may, there- 
fore, live longer than patients with CMV retinopathy. 
Toxoplasmic retinochoroiditis is probably easier to con- 
trol than CMV retinopathy, and usually remains a local- 
ized lesion with appropriate medical therapy. Varicella- 
zoster virus-induced retinitis progresses much more 
rapidly than does CMV retinopathy, and its prognosis 
for retention of vision is much worse. Patients with 
varicella-zoster virus-induced retinitis also appear to 
have a much higher incidence of retinal detachment. 

Quality of life should be our primary goal in treating 
the ophthalmic manifestations of AIDS. A successful 
reattachment of the retina alone is not necessarily in the 
best interest of every patient. The limited benefits of 
repairing an extensive retinal detachment in a patient 
with widespread but unilateral infection, for example, 
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may not justify the expense or morbidity of the proce- 
dure. Some of my patients have decided against repair 
and have been satisfied with that decision for the rest of 
their lives. Sidikaro and associates! were the first to 
present criteria for identifying appropriate surgical 
candidates. Their indications for surgery include func- 
tional vision in the involved eye immediately before 
detachment; progressive detachment with maeular in- 
volvement or extramacular detachment with prior loss 
of vision in the fellow eye; and a general health status 
suggesting that the patient would not die in the immedi- 
ate postoperative period. It is important to involve the 
patient and his or her primary care provider in decisions 
about surgery. Factors to be considered include the 
patient’s general health, his or her ability to undergo 
surgery, life expectancy, and visual needs. 

We are gaining a better appreciation of the difficult 
problems associated with retinal detachments in pa- 
tients with AIDS, but many issues are unresolved. 
Management decisions will become easier as more in- 
formation is obtained. Especially important are factors 
influencing visual outcome, which deserve additional 
study. 


GARY N. HOLLAND, MD 
Los Angeles, Calif 
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Retinal Detachments in Patients 
With Cytomegalovirus Retinitis 


Douglas A. Jabs, MD; Cheryl Enger, MS; Julia Haller, MD; Serge de Bustros, MD 


e Retinal detachments are a recog- 
nized complication of cytomegalovirus 
retinitis. In a series of 145 patients with 
cytomegalovirus retinitis, 38 (26%) devel- 
oped retinal detachments. The cumula- 
tive probability of a retinal detachment 1 
year after the diagnosis of cytomegalovi- 
rus retinitis was 50%. Detachments were 
associated with increased size of the 
cytomegalovirus lesion and with lesions 
extending anteriorly up to the ora ser- 
rata. Treatment with an anticytomegalo- 
virus drug appeared to delay the time to 
detachment. Median survival time after 
the diagnosis of retinal detachment was 
9 months. In our study, vitrectomy with 
silicone oil as the initial surgical proce- 
dure was the most effective approach. 
Successful anatomic reattachment of the 
retina was achieved in 70% of patients 
undergoing this procedure. Despite the 
success of surgery, the visual outcome 
was disappointing, with only 20% of eyes 
achieving a final visual acuity of 5/200 or 
better. 

(Arch Ophthalmol. 1991;109:794-799) 


C ytomegalovirus (CMV) retinitis is a 

well-recognized complication of im- 
munodeficiency or immunosuppres- 
sion." With the advent of the acquired 
immunodeficiency syndrome (AIDS) 
epidemic, CMV retinitis has been 
transformed from a rare disease to a 
common one.”” Cytomegalovirus reti- 
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nitis is the most frequent opportunistic 
ocular infection in patients with AIDS 
and is estimated to occur in 20% to 25% 
of patients with AIDS at some time 
during the course of their disease. 
Retinal detachments are a recognized 
complication of CMV  retinitis. ^'^ 
While retinal detachments were de- 
scribed in patients prior to the use of 
anti-CMV therapy,” the relationship 





See also p 791. 





between retinal detachments and 
treatment of the CMV retinitis has 
been debated.” Furthermore, risk 
factors for the development of detach- 
ments and the best method of treat- 
ment of CMV retinitis-related detach- 
ments remain undetermined. For 
these reasons, we analyzed our experi- 
ence with retinal detachments related 
to CMV retinitis. 


PATIENTS AND METHODS 


All patients were drawn from the outpa- 
tient clinics or inpatient service of the Wil- 
mer Ophthalmological Institute and the 
Johns Hopkins Hospital in Baltimore, Md. 
The diagnosis of CMV retinitis was made 
by ophthalmologic examination. Patients 
were diagnosed as having AIDS according 
to the Centers for Disease Control defini- 
tion of AIDS." Cytomegalovirus lesions 
were classified according to size and loca- 
tion. Size was classified with a semiquanti- 
tative scoring system in which the following 
four levels of size were recorded: less than 
10% of the retina involved, 10% to 24% 
involvement, 25% to 49% involvement, and 
50% or greater involvement. Location was 
classified according to the standard zone 
grading system derived by Holland et al”: 
zone 1 encompasses an area extending 3000 
i.m from the center of the fovea or 1500 jm 
from the optic nerve, zone 2 extends from 
zone 1 to the equator, and zone 3 extends 
anterior to the equator. 


Treatment of CMV Retinitis 


The decision to treat CMV retinitis in any 
given patient was made based on a variety 
of factors including the size and location of 
the lesion, the patient's preference, the 
availability of an anti-CMV agent, and the 
ability of the patient to tolerate the treat- 
ment. Patients treated with ganciclovir so- 
dium were given an initial course of induc- 
tion therapy at a dose of 5 mg/kg 
administered intravenously every 12 hours. 
The first 13 patients treated with ganciclo- 
vir were induced for 3 weeks; all subse- 
quent patients were induced for 2 weeks. 
Maintenance therapy with ganciclovir sodi- 
um was given at a dosage of 6 mg/kg per 
day for 5 of 7 days (30 mg/kg per week) or 5 
mg/kg per day (35 mg/kg per week) Fos- 
carnet sodium induction was given at a 
dosage of 60 mg/kg administered intrave- 
nously every 8 hours for 2 weeks. Foscar- 
net sodium maintenance was given at a 
dosage of 90 mg/kg per day, although three 
patients were treated with a dosage of 120 
mg/kg per day. All patients treated with 
maintenance anti-CMV drugs had central 
venous catheters placed for the administra- 
tion of the drug. A remission of the CMV 
retinitis was defined as arrest of the pro- 
gression of the retinitis as well as disap- 
pearance of ophthalmoscopie evidence of 
active retinitis (white necrotic borders), 
leaving an atrophic and gliotic scar. Relapse 
of the retinitis was said to occur when 
recurrence of the active borders and pro- 
gression of the retinitis were noted. For all 
patients treated with an investigational 
anti-CMV agent, informed consent was ob- 
tained prior to the institution of therapy. 


Surgical Techniques 


Twenty-six surgical procedures were 
performed. All but two patients were given 
retrobulbar anesthesia with systemic seda- 
tion; these two were given general anesthe- 
sia. Five eyes underwent scleral buckling 
procedures, one without vitrectomy and the 
other four in combination with vitrectomy, 
of which two were done with silicone oil and 
two without. In these eyes, a limbal per- 
itomy was performed and the four rectus 
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Fig 1.—Kaplan-Meier analysis of the per- 
centage of patients developing a retinal de- 
tachment after the diagnosis of CMV retinitis. 


muscles were isolated on black silk sutures. 
All eyes were encircled, one with a No. 240 
silicone band (2.5 mm wide) alone, and the 
others with a No. 287 buckle (7 mm wide) 
combined with a No. 240 band. The No. 240 
band was positioned with partial-thickness 
scleral tunnels, one per quadrant and a 
tantalum clip. The No. 287 and No. 240 
buckle combination was secured with mat- 
tress sutures, (two 4.0 silk sutures per 
quadrant) and fastened with a tantalum 
clip. 

Vitrectomies were performed using stan- 
dard three-port, 20-gauge instrumentation. 
No eye had a complete vitreous separation, 
although in some there was a posterior 
partial separation. In seven eyes, signifi- 
cant epiretinal membranes were peeled us- 
ing the intraocular vitreoretinal pick and 
forceps. The surgery was technically more 
difficult because of the lack of a preexisting 
cleavage plane between the posterior hya- 
loid and the subjacent necrotic retina, and 
because of the presence of adherent prere- 
tinal membranes. The vitreous was elevat- 
ed off the retina as far into the periphery as 
could be done safely without jeopardizing 
the crystalline lens. In only one case was 
the lens removed during vitrectomy; this 
was in an eye that had developed a cataract 
and underwent reoperation after failed vi- 
trectomy with long-acting gas tamponade. 
After removal of as much cortical vitreous 
as deemed safe and sufficient to accomplish 
the surgical objectives, subretinal fluid was 
drained transvitreally, either through a 
preexisting retinal break or through an 
iatrogenic  retinotomy, combining this 
drainage with fluid-gas exchange. Once the 
retina was entirely reattached using intrao- 
cular air tamponade, laser photocoagulation 
was placed around all retinal breaks. Laser 
therapy was also used in some cases to 
demarcate the functional retina by placing 
several confluent rows of photocoagulation 
in the inferior periphery at the anticipated 
level of the inferior silicone oil meniscus, to 
wall off any peripheral anterior detachment 
that might develop in this zone without 
adequate long-term tamponade. After the 
retina became flat and the eye filled with 
air, the superior sclerotomies were sutured; 
then 5000 centipoise silicone oil was injected 
to fill the vitreous cavity as completely as 
possible, evacuating air with a 30-gauge 
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needle on an extrusion handle. The infusion 
cannula was then removed and the remain- 
ing sclerotomy closed. Informed consent for 
silicone oil was obtained from all patients 
undergoing surgery using silicone oil. 


Statistical Analysis 


Information concerning all patients with 
CMV retinitis was entered into a database 
that was updated at each patient’s follow-up 
visit. This information included demograph- 
ies, ocular involvement, initial size and loca- 
tion of the CMV lesion, details of therapy 
(including start date, date of remission, and 
date of relapse), whether a detachment 
occurred, date of detachment, patient’s cur- 
rent status, date of last follow-up, and date 
of death when applicable. For patients with 
bilateral retinal detachments, the date of 
first detachment was used as the detach- 
ment date. Data relating to detachment 
rates and risk factors were analyzed with 
respect to patients rather than eyes. Surgi- 
cal results and visual acuity outcomes were 
analyzed with respect to eyes. Comparisons 
between groups were made using the X 
test and Fisher’s Exact Test. Life-table 
analyses of time to retinal detachment were 
performed by means of Kaplan-Meier tech- 
niques comparing groups with the log-rank 
test." The resulting cumulative probabili- 
ties are estimates of the proportion of pa- 
tients who would have suffered retinal de- 
tachment, if followed up for that length of 
time. Survival data were analyzed in a 
similar fashion. 


RESULTS 
Demographics 


From November 1983 through Sep- 
tember 1990, 145 patients with CMV 
retinitis were seen clinically. One hun- 
dred forty of these patients had AIDS, 
and five had diagnoses other than 
AIDS. These five patients included 
one with bone marrow transplant, two 
with cardiac transplant, one with renal 
transplant, and one with lymphoma 
who was receiving chemotherapy. The 
mean age (+SD) of the patients with 
CMV retinitis was 39+9 years, with a 
range of 14 to 66 years. Ninety-two 
percent of the patients with CMV reti- 
nitis were men and 8% were women. 

Thirty-eight (26%) of the patients 
with CMV retinitis developed retinal 
detachments. The demographic data of 


% of Patients at 
Time of Detachment 
(n = 38) 


Patients With RD 
(n = 38) 


patients with CMV retinitis and retinal 
detachments did not differ from those 
of patients without detachments. The 
mean age of patients with retinal de- 
tachments was 39+8 years, with a 
range of 14 to 64 years. Thirty-six 
patients (95%) with retinal detach- 
ments were men, and two (5%) were 
women. Of the patients with retinal 
detachments, 37 had AIDS, and one 
had undergone a bone marrow 
transplant. 


Detachment Rate 


The Kaplan-Meier estimate of the 
rate of detachment is shown in Fig 1 
which expresses the probability of de- 
veloping retinal detachment as a func- 
tion of time from the date of diagnosis 
of CMV retinitis. While 26% of pa- 
tients overall suffered a retinal detach- 
ment, the curve shows a cumulative 
probability of detachment of 50% at 1 
year after the diagnosis of CMV retini- 
tis. Among those patients who suf- 
fered detachment, the median time to 
retinal detachment was 4 months after 
the diagnosis of CMV retinitis. 


Risk Factors for Retinal Detachment 


The size profile for CMV lesions at 
the initial diagnosis of CMV retinitis 
for both the entire group of patients 
with CMV retinitis and those patients 
with retinal detachments, as well as 
the size profile for CMV lesions at the 
time of retinal detachment, is outlined 
in Table 1. At the initial diagnosis of 
CMV retinitis, larger size of the CMV 
lesion was associated with subsequent 
detachment. The Kaplan-Meier esti- 
mate of the probability of detachment 
as a function of time from the initial 
diagnosis of CMV retinitis demon- 
strates a significantly increased rate of 
detachment in those patients whose 
initial CMV lesions involved 50% or 
greater of the retina in size (Fig 2). 
The cumulative probability of detach- 
ment was 50% at 6 months among 
patients with CMV lesions involving 
50% or more of the retina, compared 
with 12 months for patients with le- 
sions less than 50% of the retina in size 
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Fig 2.—Kaplan-Meier analysis of the per- 
centage of patients developing a retinal de- 
tachment after the diagnosis of CMV retinitis, 
as a function of size of the initial lesion. Pa- 
tients with CMV lesions involving 5096 or 
greater of the retina (dashed line) were signifi- 
cantly more likely to undergo detachment 
than those with CMV lesions less than 50% in 
size (solid line). 


(P —.02, log-rank test). When the data 
were analyzed for differential rates 
comparing patients with lesions 25% or 
greater in size vs those less than 2596 
in size and comparing patients with 
lesions 1096 or greater in size vs those 
with lesions less than 1096 in size, no 
differences could be detected. Fur- 
thermore, analysis of the size of the 
lesion at the time of the retinal detach- 
ment shows a profile different from 
that at the time of initial CMV diagno- 
sis. While only 14% of the entire group 
had CMV lesions involving 50% or 
more of the retina at the time of initial 
diagnosis, 5596 of patients had CMV 
lesions involving 5096 of the retina or 
greater at the time of retinal detach- 
ment. Seventy-seven percent of pa- 
tients had CMV lesions 25% or greater 
in size at the time of detachment. 

The location of the lesion was also 
assessed as a risk factor. Because of 
our previous hypothesis that lesions 
extending peripherally to the ora ser- 
rata were more likely to detach than 
lesions limited to more posterior loca- 
tions, we compared the probability of 
retinal detachment in lesions limited to 
zone 1, zone 2, or zones 1 and 2 vs that 
in lesions involving zone 3 only or zone 
3 and extending posteriorly into zones 
2 or 1. The zones involved by the CMV 
lesion are listed in Table 2 for locations 
both at the time of initial diagnosis of 
CMV retinitis and, for those patients 
developing a detachment, at the time 
of detachment. All of the detachments 
except one extended anteriorly to in- 
volve zone 3 at the time of detachment. 
Extension of lesions to the peripheral 
retina was common, with 77% of the 
entire group of patients with CMV 
retinitis having involvement of zone 3 
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* See text for definition of zones. 


at the time of initial diagnosis of CMV 
retinitis. Comparison between those 
patients with and without zone 3 in- 
volvement at the time of initial CMV 
retinitis diagnosis suggested a differ- 
ence in the rate of retinal detachment. 
The cumulative probability of retinal 
detachment at 6 months was 9% in 
those without zone 3 involvement, 
compared with 3596 in those with zone 
3 involvement (P=.12 by Kaplan- 
Meier estimate, log-rank test). 

The effect of treatment of CMV reti- 
nitis with an anti-CMV drug was ana- 
lyzed. Twenty-eight patients were not 
treated with an anti-CMV drug. Five 
patients had retinal detachments at 
the time of initial CMV retinitis diag- 
nosis and subsequently received anti- 
CMV therapy. The other 112 patients 
were treated. One hundred five pa- 
tients received ganciclovir, and 18 pa- 
tients foscarnet; 11 of these patients 
received both drugs at some time dur- 
ing the course of the disease. Patients 
who received treatment were com- 
pared with those who did not. Kaplan- 
Meier estimates of the rate of detach- 
ment show a beneficial effect of 
therapy with an anti-CMV agent in 
delaying the time to detachment (Fig 
3; P<.001 by log-rank test). The cumu- 
lative probability of retinal detach- 
ment 6 months after the diagnosis of 
CMV retinitis in the group that re- 
ceived treatment for CMV retinitis 
was 25% compared with 43% in the 
group not treated for CMV retinitis. 
No difference in the detachment rate 
was detected between patients initially 
treated with ganciclovir and those ini- 
tially treated with foscarnet; however, 
the number of patients initially treated 
with foscarnet was small (seven), and 
the results must be interpreted with 
caution. Multivariate analysis of size, 
location, and treatment was performed 
to determine if the beneficial effect of 
treatment was due to other confound- 
ing factors. The beneficial effect of 
anti-CMV therapy on the detachment 
rate remained after multivariate 
analysis. 

Relapse of the CMV retinitis (re- 


Patients With RD 
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Table 2.—Location of Cytomegalovirus (CMV) Retinitis Lesions and the Relationship to 
Retinal Detachment (RD) 
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gardless of whether the patient was 
receiving maintenance therapy) was 
analyzed as a possible risk factor for 
subsequent retinal detachment. Over- 
all, 39% of the patients with CMV 
retinitis suffered relapse of their reti- 
nitis at some point during the course of 
the disease. Patients who had suffered 
a prior relapse were no more likely to 
develop a detachment then those who 
did not (30% vs 24%; differences not 
significant by x” test) Furthermore, 
activity of the retinitis appeared not to 
be associated with detachment, as only 
eight of the 17 patients with prior 
relapse and detachment had active dis- 
ease at the time of detachment, while 
nine were again in remission. 


Survival 


Survival after the diagnosis of reti- 
nal detachment is plotted in Fig 4. 
Median survival after the diagnosis of 
retinal detachment was 9 months, with 
a range of 21 days to 28 months. One 
patient with a bone marrow transplant 
and a CMV retinitis-related detach- 
ment survived 4 months after the de- 
tachment. The median survival after 
the diagnosis of detachment among 
the patients with AIDS and CMV 
retinitis-related detachment was 
9 months. 

The time from the diagnosis of AIDS 
to that of CMV retinitis was stratified 
as follows: (1) less than 6 months; (2) 6 
to 12 months; (3) 12 to 24 months; and 
(4) greater than 24 months. The time 
from the diagnosis of AIDS to that of 
CMV retinitis did not correlate with 
the time from diagnosis of CMV retini- 
tis to detachment. However, it did 
correlate inversely with the survival 
after diagnosis of CMV retinitis and 
survival after detachment (ie, a 
shorter interval from the diagnosis of 
AIDS to that of CMV retinitis was 
associated with a longer survival; 
P=.02 and P=.06, respectively, by 
log-rank test). 


Surgical Results 


Eight of the 38 patients with retinal 
detachments had bilateral detach- 
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Fig 3.—Kaplan-Meier analysis of the per- 
centage of patients developing a retinal de- 
tachment after the diagnosis of CMV retinitis, 
comparing patients who were treated for their 
CMV retinitis with an anti-CMV drug with 
those who were not. Treatment with an anti- 
CMV agent (solid line) is associated with a 
significantly lower rate of retinal detachment 
than no treatment (dashed line). 


ments, producing 46 eyes that suffered 
a retinal detachment due to CMV reti- 
nitis. Twenty-two eyes did not under- 
go any surgical procedure. Of these 22 
eyes, four were found to have periph- 
eral detachments at the initial diagno- 
sis of CMV retinitis. In these four 
cases, the macula remained attached 
with treatment of the CMV retinitis 
with an anti-CMV drug. Two other 
patients had recently diagnosed unilat- 
eral detachments with the macula at- 
tached at the time of diagnosis of the 
detachment. Surgical intervention was 
planned but had not been performed, 
and the patients had not been followed 
up as of September 1990. Twenty-four 
eyes underwent surgical repair of the 
detachment. Two eyes underwent two 
procedures, producing a total of 26 
surgical procedures. Six eyes under- 
went surgical procedures without the 
use of silicone oil. One eye with a 
localized peripheral detachment under- 
went cryotherapy only; one eye under- 
went a scleral buckling procedure only; 
and four other eyes underwent vitrec- 
tomy with intraocular gas, but without 
the use of silicone oil. Two of these 
eyes also underwent a scleral buckling 
procedure. Twenty eyes underwent a 
vitrectomy with the use of silicone oil; 
two of these eyes had undergone a 
previous surgery without silicone oil 
but subsequently redetached. 

The six surgical procedures done 
without the use of silicone oil ultimate- 
ly all failed. The eyes that underwent 
scleral buckling and vitrectomies with 
the use of intraocular gas were all 
initially attached but subsequently suf- 
fered redetachment. Of the 20 eyes 
undergoing surgical repair of the reti- 
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Fig 4.— Survival after the diagnosis of retinal 
detachment in patients with CMV retinitis. 
The median survival after the diagnosis of 
retinal detachment was 9 months. 


nal detachment with vitrectomy and 
silicone oil, 14 (70%) remained at- 
tached. These 14 included three eyes in 
which the macula was attached, but 
there was a small residual inferior 
retinal detachment below the silicone 
oil meniscus. These 14 surgical suc- 
cesses included two eyes that failed 
previous surgery but were successfully 
reattached using vitrectomy and sili- 
cone oil. Even counting these two eyes 
once only as nonsilicone oil failures, 
vitrectomy with the use of silicone oil 
was substantially more likely to result 
in a favorable surgical result than sur- 
gery without the use of silicone oil 
(67% vs 0%, P —.01 by Fishers Exact 
Test) No significant differences could 
be detected in the length of follow-up 
among patients who underwent suc- 
cessful vitrectomy with silicone oil 
(median, 3.9 months; range, 1 to 14 
months), unsuccessful vitrectomy with 
silicone oil (median, 4.1 months; range, 
2 to 16 months), or surgery without 
silicone oil (median, 5.5 months; range, 
3 to 16 months). 

Visual acuity outcomes are shown in 
Table 3. In the analysis of visual acu- 
ity, the two eyes that failed gas but 
were successfully reattached using sili- 
cone oil are included in the silicone oil 
group since the final visual acuity was 
determined after that procedure. 
Overall, the visual acuities in eyes with 
retinal detachments and CMV retinitis 
were poor, and much worse than in 
those eyes without detachment. The 
only eyes with detachment to achieve a 
final visual acuity of 20/40 or better 
were the two eyes with a limited pe- 
ripheral detachment in the area of 
necrotic retinitis, in which the macula 
remained attached with treatment of 
the CMV infection. Approximately 
half of the patients who did not under- 
go surgery and half of those in whom 
surgery was unsuccessful in reattach- 


ing the retina had a final visual acuity 
of no light perception. Conversely, in 
those 14 cases in which surgery was 
successful in reattaching the retina, no 
patient developed a visual acuity of no 
light perception. Comparing these 
eyes that underwent no surgery with 
those that underwent vitrectomy with 
silicone oil shows a significantly great- 
er rate of no light perception in the 
group without surgery (45% vs 15%, 
P=.05 by Fishers Exact Test). De- 
spite the ability of vitrectomy with 
silicone oil to successfully reattach the 
retina and preserve some vision, the 
visual results in patients undergoing 
such surgery were disappointing. 
Eighty percent of the patients had no 
useful vision, with 65% overall having 
a visual acuity between light percep- 
tion and 4/200. Only 20% of the pa- 
tients had a visual acuity better than 
5/200 (visual success), with only one 
patient having a visual acuity of better 
than 20/200. Reasons for the poor visu- 
al outcome were often difficult to as- 
certain but include extensive retinal 
damage from CMV retinitis, the fact 
that all patients undergoing vitrec- 
tomy with silicone oil had the macula 
detached at the time of surgery, and 
the refractive properties of silicone oil. 
Cataracts occurred as the consequence 
of silicone oil in only one patient and as 
a consequence of the use of intraocular 
gas in one patient. Both patients un- 
derwent cataract surgery, but their 
visual acuity was limited due to the 
retinal disease and subsequent use of 
silicone oil in both patients. 

The impact of surgery on the pa- 
tient’s visual acuity in his better eye 
was also analyzed. Of the 21 patients 
undergoing surgery, 14 (67%) had a 
final acuity of 20/50 or better in the 
better eye, and seven had a final acuity 
of counting fingers to light perception. 
Of the 17 patients who did not undergo 
surgery, 11 (65%) had a final acuity of 
20/50 or better, three (18%) of counting 
fingers to light perception, and three 
(18%) of no light perception in the 
better eye. There was no difference 
between the percentage of patients 
with a final acuity of 20/50 or better, 
but there was a borderline statistical 
difference in the percentage with a 
final acuity of no light perception (0% 
in the operated group vs 18% in the 
unoperated group, P = .08). 


COMMENT 


Retinal detachments due to CMV 
retinitis represent a major problem in 
the treatment of this disease. Cyto- 
megalovirus retinitis can now be suc- 
cessfully treated with anti-CMV drugs 
such as ganciclovir ^7 and foscar- 
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Table 3.—Visual Outcome in Eyes of Patients With Cytomegalovirus Retinitis, With and 
Without Retinal Detachments * 











% (No.) With Final Visual Acuity of 













20/15 to 20/50 to 20/200 to 4/200 to 
Group (n) 20/40 20/100 5/200 LP NLP 
Retinal detachment 
No surgery (22) 9 (2) 18 (4) 0 27 (6) 45 (10) 
Surgery without 
silicone oil (4) 0 25 (1) 0 25 (1) 50 (2) 
Vitrectomy with 
silicone oil (20)t 0 5 (1) 15 (3) 65 (13) 15 (3) 
With successful 
reattachment (14) O 7 (1) 21 (3) 71 (10) 0 
Surgical failure (6) 0 0 50 (3) 50 (3) 
No retinal detachment (157)1 54 (85) 20 (31) 8 (13) 9 (3) 4 (7) 









*LP indicates light perception, and NLP, no light perception. 
TThis group includes the two patients with successful surgery with silicone oil after failure of other surgery 


without silicone oil. 


¢Long-term acuity results were unavailable on 4% of these eyes. 


net.” However, despite the success- 
ful treatment of CMV retinitis with 
anti-CMV therapy, retinal detach- 
ments may result in poor visual out- 
come. Thus, data concerning the rate 
of detachment, risk factors for the 
development of detachments, and the 
best surgical treatment are important. 
For these reasons, we analyzed our 
patients for information concerning 
these issues. 

Our results demonstrate a very high 
rate of retinal detachment in patients 
with CMV retinitis. Previous series of 
patients with CMV retinitis have 
shown retinal detachment rates of 15% 
to 2996.77*77 Our overall rate of de- 
tachment was 26%, but this figure 
understates the magnitude of the prob- 
lem. The cumulative probability of de- 
tachment 1 year after the diagnosis of 
CMV retinitis was 50%. Survival of 
patients with AIDS and CMV retinitis 
is increasing,” and the number of cases 
of CMV retinitis is increasing in con- 
cert with the AIDS epidemic. These 
facts suggest that the number of pa- 
tients who suffer retinal detachments 
as a consequence of CMV retinitis may 
increase exponentially in the near fu- 
ture. The treatment chosen for any one 
patient will depend on his or her over- 
all health status and the anticipated 
survival. Our patients survived for a 
median of 9 months after the diagnosis 
of retinal detachment. Our results to 
date, although based on a limited num- 
ber of patients, suggest that surgical 
procedures not involving the use of 
silicone oil ultimately result in rede- 
tachment of the retina. Freeman et al" 
have suggested an aggressive surgical 
technique for repair of CMV retinitis— 
related detachments including vitrec- 
tomy and the use of silicone oil as the 
initial form of therapy. Our results 
would support this approach, as seen 
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in the successful anatomic reattach- 
ment of the retina in 70% of patients. 

The findings during surgery also 
support the use of silicone oil in the 
primary reattachment procedure. 
These eyes have widespread areas of 
retinal necrosis and multiple atrophic 
areas, so that even if existing breaks 
are adequately treated, new breaks 
will develop over time. Furthermore, 
proliferative vitreoretinopathy often 
complicates the situation, and the long- 
term tamponade provided by intravi- 
treal silicone oil helps to offset the 
tractional forces in these eyes. In the 
six eyes that redetached after therapy 
with silicone oil, the retinas rede- 
tached because of progressive prolifer- 
ative vitreoretinopathy and failure to 
adequately seal evolving breaks. While 
our strategy of leaving the peripheral 
cortical vitreous intact to spare the 
crystalline lens and optimize early 
postoperative visual rehabilitation may 
have contributed to the problem in 
these eyes, we attempted to leave in 
the crystalline lens in the hope of maxi- 
mizing visual rehabilitation and mini- 
mizing any corneal toxicity from the 
silicone oil. 

Despite the successful anatomic re- 
attachment of the retina with the use 
of these surgical techniques, the visual 
results in our group of patients were 
disappointing. While successful surgi- 
cal repair of the retina prevented the 
loss of all vision (no light perception), 
only 20% of patients undergoing vi- 
trectomy with silicone oil developed 
useful, ambulatory vision. Care must 
be exercised in the interpretation of 
our data, particularly the surgical re- 
sults, because of their retrospective 
nature and the possible lack of compa- 
rability. Indeed, because of the selec- 
tion of worse cases for surgical inter- 
vention, it is likely that the visual 


results of untreated CMV retinitis 
with macular detachment are even 
worse than the data indicate. Among 
the subset of 16 patients with detached 
macula who did not undergo surgical 
repair, 63% developed a final visual 
acuity of no light perception, and all a 
final visual acuity of 4/200 or worse. 

Thus, while surgical intervention af- 
ter retinal detachment appears to be of 
benefit in these patients, the overall 
results suggest a poor visual outcome. 
As such, prophylactie strategies to 
prevent the occurrence of retinal de- 
tachment seem appropriate. This situ- 
ation is analogous to the acute retinal 
necrosis (ARN) syndrome that may be 
caused by either varicella zoster virus 
or herpes simplex virus." The viral 
infection in ARN can be successfully 
treated with intravenous acyclovir,” 
but retinal detachments develop in 
50% to 85% of patients with ARN.^* 
Because of the poor visual outcome for 
ARN detachments, laser photocoagu- 
lation has been used as prophylaxis for 
the development of retinal detach- 
ments in patients with ARN.*” 

We analyzed our data for risk factors 
for the development of retinal detach- 
ment in patients with CMV retinitis. 
The size of the CMV lesion was a risk 
factor for the development of retinal 
detachment. Seventy-six percent of 
the detachments had CMV lesions in- 
volving 25% or more of the retina. 
Involvement of 5096 or more of the 
retina by CMV retinitis at the time of 
initial CMV retinitis diagnosis was as- 
sociated with a significantly increased 
rate of retinal detachment. Location of 
the lesion also seemed to be associated 
with detachment. In our previous anal- 
ysis of CMV retinitis," we noted that 
all of the patients with detachments 
had CMV lesions involving the anteri- 
or part of the retina (zone 3). Subse- 
quently one patient was seen who 
developed a retinal detachment from a 
large macular hole in association with a 
CMV lesion located in the macula. 
However, the overwhelming majority 
of patients with retinal detachments 
have had lesions extending anteriorly 
to involve zone 3 at the time of detach- 
ment. Thus, one can conclude that 
lesions located strictly in zones 1 
and/or 2 are unlikely to detach unless 
they progress to involve zone 3. 

Other authors have suggested that 
treatment of CMV retinitis with an 
anti-CMV agent may hasten the onset 
of retinal detachment, perhaps by in- 
hibiting scar formation. ** Our data 
suggest that retinal detachments are 
significantly less likely to develop 
among those patients treated for their 
CMV retinitis than among those not so 
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treated, and that the time to detach- 
ment may be prolonged. Care must be 
taken in interpreting these data as 
they are not derived from a random- 
ized controlled study. However, multi- 
variate analysis still showed a benefi- 
cial effect for anti-CMV therapy. 
While these results suggest that treat- 
ment with an anti-CMV agent will 
delay the time to retinal detachment, 
they do not necessarily demonstrate 
that the strategy of observing patients 
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with small peripheral CMV lesions is a 
poor choice. Since detachments are 
more likely in larger lesions, and since 
the treatment of CMV retinitis is asso- 
ciated with the systemic risks of both 
the drug therapy and the central ve- 
nous line, the risk-benefit analysis in 
any given patient may still favor obser- 
vation. However, in large peripheral 
lesions, treatment of the CMV may be 
indicated to delay the time to 
detachment. 
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Long-term Visual Function in Acute Posterior 
Multifocal Placoid Pigment Epitheliopathy 


Mitchell D. Wolf, MD; Wallace L. M. Alward, MD; James C. Folk, MD 


èe Acute posterior multifocal placoid 
pigment epitheliopathy is a chorioretinal 
inflammatory disease occurring in 
young, healthy adults. The long-term vi- 
sual prognosis and recurrence rate is 
uncertain. We reexamined 28 patients (53 
affected eyes) with acute posterior multi- 
focal placoid pigment epitheliopathy 
(mean follow-up, 8 years) to obtain de- 
tails on the long-term functional visual 
outcome. The final visual acuities were 
20/25 or better in 48 eyes (90.6%), 20/30 
to 20/100 in four eyes (7.5%), and 20/200 
in one eye (1.9%). Although the final 
visual acuity was good, 33 eyes (62.3%) 
were symptomatic with blurred vision, 
metamorphopsia, or scotomas. Thirty-six 
eyes (67.9%) had significant central visu- 
al field defects on follow-up examination. 
There were no recurrences after the ini- 
tial month of symptoms. The chorioret- 
inal scars did not enlarge with time. 
Acute posterior multifocal placoid pig- 
ment epitheliopathy has a good long- 
term prognosis for visual acuity, al- 
though most patients have residual 
symptoms and paracentral scotomas. 

(Arch Ophthalmol. 1991;109:800-803) 


Ate posterior multifocal placoid 

pigment epitheliopathy (APMPPE) 
is a chorioretinal inflammatory disease 
first described in 1968 by Gass.’ It 
occurs in previously healthy young 
adults and may follow a flulike pat- 
tern. Fundus manifestations consist 
of circumscribed, deep, yellow-white, 
postequatorial lesions followed later by 
areas of  pigmented  chorioretinal 
scars.” Characteristic fluorescein an- 
giographic features of the lesions in- 
clude early nonfluorescence followed 
by late staining.” The causes remain 
unknown. 

Although initial visual loss may be 
severe, most patients eventually 
achieve a final visual acuity of 20/30 or 
better" Recurrences have been re- 
ported but the frequency has varied 
greatly.^'^ In patients described as 
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having recurrent disease, the visual 
prognosis was poor." Although most 
patients ultimately have good or excel- 
lent visual acuity, we were impressed 
that many had persistent troubling 
symptoms of decreased visual acuity, 
metamorphopsia, and scotomas. We 
therefore recalled 28 patients with 
APMPPE for more detailed long-term 
follow-up concerning their functional 
visual outcome and recurrence rate. 


PATIENTS AND METHODS 


Patients were selected from the Depart- 
ment of Ophthalmology photofiles at the 
University of Iowa, Iowa City, from 1968 to 
the present. Patients were included if they 
demonstrated the typical fundus and fluo- 
rescein angiographic findings of APMPPE. 
These findings consisted of multiple, geo- 
graphie, deep yellow lesions that hypofluo- 
resced early and later hyperfluoresced (Fig 
1). These lesions generally developed pig- 
mented chorioretinal scars that were sta- 
ble. There were no later changes typical of 
progressive serpiginous choroidopathy. Re- 
lated clinieal history was also considered. 
Patients were healthy young adults. Most 
patients had been diagnosed as having 
APMPPE at their original visit after this 
entity was described.’ To obtain a patient 
population with definite APMPPE only, 
patients with ambiguous fundus or fluores- 
cein angiographic appearance or confound- 
ing ocular or medical problems were not 
included. Recurrence of disease was not a 
reason for exclusion from this study. 

A total of 44 patients fulfilled the above 
eriteria. Sixteen patients either could not 
be reached, had moved out of state, or 
declined to participate. The clinical charac- 
teristics of the 16 patients not participating 
were similar to those of patients who did. 
The remaining 28 patients (15 men and 13 
women) were recalled and reexamined. A 
detailed questionnaire was discussed with 
each patient in a uniform way by us. Specif- 
ie data on the patient's past medical, surgi- 
eal, and ocular problems; family history; 
and medication usage were obtained. All 
patients were asked whether their sight 
was normal or if there were persistent 
symptoms of decreased visual acuity, meta- 
morphopsia, or scotomas. 

Follow-up examination included best-cor- 
rected visual acuity, central visual fields 
(Humphrey 10-2) pupillary examination, 
fundus examination, photography, and fluo- 
rescein angiography. A manifest refraction 
was performed on all eyes with corrected 
visual acuity of 20/25 or worse. The pattern 
deviation value on Humphrey perimetry 
identifies points that are insensitive to sur- 


rounding points. A central visual field was 
considered normal if the age-corrected pat- 
tern deviation at any point was less than or 
equal to 5 dB. A 5- to 10-dB loss at any 
point was considered a mild field defect (Fig 
2). A 10- to 20-dB loss at any point was 
considered moderate field loss (Fig 3). Loss 
greater than 20 dB was deemed a severe 
visual field defect (Fig 4). 

This study was approved by the Human 
Subjects Review Committee at the Univer- 
sity of Iowa. 


RESULTS 


The follow-up was 6 months or more 
for all patients and 5 years or more for 
17 patients (60.7%) (including 10 years 
or more for 12 patients [42.996]. Mean 
age at onset was 25.6 years (range, 
15.6 to 37.6 years). Of the 28 patients, 
13 (46.4%) were women and 15 (53.6%) 
were men. Fifty-three eyes were af- 
fected, with three (10.796) of the cases 
being unilateral and 25 (89.3%) bilater- 
al. Systemic complaints at the onset of 
APMPPE were found in 11 (39.396) 
patients (Table 1). A prodromal flulike 
illness occurred in seven (25.096) pa- 
tients, headaches in six (21.496), and a 
urinary tract infection in one (3.6%). 
The patients were in good health. One 
patient was pregnant at onset of the 
disease. One patient was using oral 
contraceptives, but no other patients 
were receiving medication. 

No patient developed inflammatory, 
rheumatie, or neurologic diseases at 
onset or during the follow-up period. 
One patient had a myocardial infarc- 
tion and coronary artery bypass sur- 
gery at age 39 years, but no other 
patient developed serious medical 
problems. Ocular history was normal 
in 27 patients; one patient had had 
herpes zoster ophthalmicus. One pa- 
tient’s identical twin brother devel- 
oped APMPPE approximately 10 
years before the patient, but he was 
not evaluated at our clinics. Family 
histories were otherwise negative for 
APMPPE. 

The initial and final ocular symptoms 
are listed in Table 2. The initial symp- 
tom was scotomas in 27 eyes (50.9%), 
decreased visual acuity in 13 eyes 
(24.5%), redness in two eyes (3.8%), 
and floaters in one eye (1.9%). After 
prolonged follow-up, most eyes contin- 
ued to have symptoms of blurred vi- 
sion, metamorphopsia, or scotomas. A 
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Fig 1.—A 16-year-old developed bilateral central scotomas and 20/500 visual acuity bilaterally. Top left, 
Multiple creamy, yellow-white lesions are seen at disease onset. Top right, An early fluorescein angiogram 
showing numerous small areas of nonfluorescence that stain later in the angiogram (bottom left). On follow- 
up examination 1.5 years later, visual acuity hac improved to 20/15, although hypertrophy and atrophy of the 
retinal pigment epithelium remained (bottom right). 


total of 15 eyes (28.3%) had only one of 
these symptoms, while 18 (34.0%) had 
various combinations of these symp- 
toms on follow-up. Only seven (25.0%) 
patients were completely asymptomat- 
ic at follow-up examination. 

Initial visual acuity varied from 
20/15 to counting fingers (Table 3). 
Twenty (37.7%) eyes had initial visual 
acuity of at least 20/25, whereas 18 
(34.0%) had visual acuity of 20/100 or 
less. After a mean follow-up of 8 years, 
48 (90.6%) of 53 eyes had at least 20/25 
visual acuity, and only one (1.9%) had 
a visual acuity of 20/100 or less 
(20/200). 

Central 10° automated visual fields 
were obtained on all patients at their 
final follow-up examination. Seventeen 
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(32.196) affected eyes had no points 
with a 5-dB age-adjusted pattern devi- 
ation and were considered normal. Fif- 
teen eyes (28.3%) had mild (5 to 10 
dB), seven (13.2%) had moderate (10 to 
20 dB), and 14 (26.4%) had severe (20 
dB or more) central visual field loss. 
Many of these eyes had absolute scoto- 
mas throughout portions of their cen- 
tral visual field. On final follow-up 
examination, 11 (20.7%) eyes had no 
relative afferent pupillary defect, 12 
(44.4%) had a 0.3-log unit defect, and 
four (14.8%) had a 0.6-log unit defect 
in the more severely affected eye. 


COMMENT 
This report confirms the known 
characteristics of patients with 


APMPPE. We found a low mean age 
at onset (25.6 years), frequent bilater- 
ality (89.3%), and equal sex distribu- 
tion (46.4% women and 53.6% men). 
These patients were in excellent gen- 
eral health both at the onset of disease 
and after a lengthy follow-up period. 
The origin of APMPPE is unknown. 
We found a prodromal upper respira- 
tory infection in seven patients (25%). 
Gass’ reported a viral-like illness in 
nine (30%) of 30 patients. Similarly, 
Williams and Mieler' described a defi- 
nite prodromal illness in three (2796) of 
11 patients. Because of prodromal up- 
per respiratory infections, a viral caus- 
ative agent has been postulated.^"^"* 
We have previously found an increased 
prevalence of both HLA-B7 and HLA 


Pigment Epitheliopathy — Wolf 
| y 
© 











Arch Ophthalmol — Vol 109, June 1991 





Fig 2.—A mild central visual field defect. Left, Initial visual acuity was 
20/40-2 and improved to 20/20-3 13 years later. Right, Corresponding 
visual field showed an 8-cB scotoma just superotemporal to fixation. 








Fig 3.—A moderate visual field defect. Left, Initial visual acuity was 
20/70-1 and improved to 20/15-1 on follow-up examination 3 years 
later. Despite his recovery of excellent visual acuity, he complained of 
decreased visual acuity. Right, Corresponding visual field showing a 
16-dB scetoma superonasal to fixation. 





Fig 4.—A severe visual field defect. Left, Nine years earlier, initial 
visual acuity had been 20/100 and had improved to 20/50-2. This 
patient complained of decreased visual acuity and a paracentral sco- 
toma. Right, Corresponding visual field Showing an absolute scotoma 
temporal and inferior to fixation. 
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Table 1.—Systemic Symptoms 
at Onset 










No. (%) 





Symptoms of Patients 
Upper respiratory infection 7 (25.0) 
Headache 6 (21.4) 
Urinary tract infection 1 (3.6) 


Patients with symptoms 11 (39.3) 





Table 2.—Ocular Symptoms 
in 53 Eyes 


No. (%) of Eyes 
—— 
Initial Final 
27 (50.9) 14 (26.4) 
16 (30.2) 
13 (24.5) 23 (43.4) 


Symptoms 


Scotoma 
Metamorphopsia 0 


Decreased vision 
Redness 2 (3.8) 0 
Floaters 1 (1.9) 0 
None O 20 (37.7) 





DR2 in patients with APMPPE com- 
pared with controls, suggesting an 
immunogenetic predisposition to ac- 
quiring this condition.” Whether the 
specific origin is infectious, autoim- 
mune, or a combination of both is 
unknown. 

The frequency of recurrences has 
been disputed. We could document no 
subjective or objective recurrences af- 
ter the first month after onset. Some 
authors have also found a low recur- 
rence rate of 0% to 7%,** whereas 
others have found recurrence rates 
approaching 4096." These reports 
may have included patients with ser- 
piginous choroiditis as well as 
APMPPE."" We carefully excluded 
patients with serpiginous choroiditis 
and patients whose diagnosis of 
APMPPE was questionable. We did 
not exclude any patients with other- 
wise typical APMPPE only because 
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Table 3.—Visual Acuities 
of 53 Eyes 


No. (%) of Eyes 
—_—_—_—_—_——————_— 
Initial Final 


4 (7.5) 35 (66.0) 
11 (20.8) 9 (17.0) 
5 (9.4) 4 (7.5) 

6 (11.3) (0) 
20/40 4 (7.5) 1 (1.9) 
20/50 3 (5.7) 1 (1.9) 
20/60 0 1 (1.9) 
20/70 2 (3.8) 1 (1.9) 
20/80 0 (0) 
20/100 5 (9.4) 0 
20/200 9 (17.0) 1 
20/400 1 (1.9) 0 
Counting fingers 3 (5.7) [e 


Visual Acuity 
20/15 
20/20 
20/25 
20/30 


(1.9) 





there was a recurrence. We believe 
that the recurrence rate of APMPPE 
is very low. 

Choroidal neovascular membranes 
are uncommon in patients with 
APMPPE.* Only one of our patients 
had a peripapillary membrane that re- 
solved spontaneously The  chorio- 
retinal scars in these patients did not 
appear to enlarge with time. This con- 
trasts with photocoagulation scars 
used to treat the choroidal neovascular 
membranes of presumed ocular histo- 
plasmosis syndrome, which enlarge 
with time.” Additionally, the chorio- 
retinal scars of serpiginous choroiditis 
enlarge after recurrent inflammation. 

Many authors remark that the visual 
outcome of patients with APMPPE is 
excellent.^ We found that many eyes 
had very poor initial visual acuities, 
with 18 (40.0%) having an initial visual 
acuity of 20/100 or less, but only one 
(1.9%) had a final visual acuity of 
20/100 or less. Forty-eight eyes 
(90.6%) had final visual acuity of 20/25 
or better. Remarkably, 35 (66.0%) of 
these eyes had 20/15 visual acuity, 
while nine (17.0%) had 20/20 visual 
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Table 4.—Central 10° Visual Fields 
in 53 Eyes 


Visual Fields No. (%) of Eyes 


Normal 17 (32.1) 
Mild 15 (28.3) 
Moderate 7 (13.2) 
Severe 14 (26.4) 


acuity. Manifest refraction was per- 
formed only on eyes with visual acu- 
ities of 20/25 or less, and therefore an 
eye with a visual acuity of 20/20 may 
have been able to improve even fur- 
ther. Visual acuity was worst either on 
initial examination or during the first 
few weeks after onset. Recovery gen- 
erally occurred gradually during the 
first 6 months and was complete after 
a year. Once visual acuity reached 
stability, there was no worsening with 
time. 

Despite excellent recovery of visual 
acuity, most patients (75.0%) remained 
symptomatic. Decreased visual acuity, 
metamorphopsia, and scotomas were 
common complaints in patients who 
otherwise had excellent Snellen visual 
acuity. Central visual fields were ab- 
normal in 36 affected eyes (67.9%), and 
21 (89.6%) had points with at least a 
10-dB decrease. These young, alert 
patients had very high reliability in- 
dexes during testing. Most sympto- 
matic scotomas were confirmed on 
field testing. The central visual fields 
correlated more closely with final 
symptoms than did final visual acu- 
ities. We conclude that most eyes af- 
fected by APMPPE regain excellent 
visual acuity, but have residual, per- 
manent, central visual field defects and 
persistent symptoms. These patients 
should be counseled accordingly. 
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Apraclonidine and Timolol 


Combined Effects in Previously Untreated Normal Subjects 


Timo Koskela, MD, Richard F. Brubaker, MD 


e Twenty healthy subjects were tested 
for the aqueous-suppressing effects of 
the a,-adrenergic agonist apraclonidine 
hydrochloride. Apraclonidine caused a 
30% reduction of mean (+SD) aqueous 
flow during the daytime from 2.84 +0.61 
p.L/min, similar to what has been ob- 
served for f-adrenergic antagonists. 
Apraclonidine, like acetazolamide and 
unlike timolol maleate, was able to sup- 
press the aqueous flow of sleeping sub- 
jects below the spontaneous nocturnal 
rate of 1.15 —0.40 L/min to 0.84 -- 0.28 
p. L/min, a 27% change. When apracloni- 
dine and timolol were given together in 
the daytime, no clinically significant or 
statistically significant additive effect 
was observed. The range of flows with 
either drug alone or the combination of 
the two measured from 2 to 4 PM was 1.41 
to 1.78 L/min. This result contrasts with 
studies of the effect of apraclonidine on 
patients who have received long-term f- 
blockers where an additive effect is ob- 
served. The lack of an additive effect on 
flow in previously untreated normal sub- 
jects suggests that the two drugs act at 
least in part via a common pathway. 

(Arch Ophthalmol. 1991;109:804-806) 


Tre p-amino derivative of clonidine, 

apraclonidine hydrochloride, is an 
ocular hypotensive agent that has been 
used to blunt the hypertensive spike 
that can follow laser iridotomy or laser 
trabeculoplasty." Like clonidine hy- 
drochloride,* it has been shown to re- 
duce intraocular pressure by inhibition 
of aqueous humor formation.’ This 
mechanism of pressure reduction is 
shared with B-adrenergic antagonists" 
and with carbonic anhydrase inhibi- 
tire. T 

Morrison and Robin" have shown 
that apraclonidine provides additional 
pressure lowering in patients who 
have been treated long term with the 
B-adrenergic antagonist timolol male- 
ate. Yaldo et al^ also showed that 
short-term doses of apraclonidine low- 
er intraocular pressure in patients re- 
ceiving either timolol or levobunolol 
hydrochloride. This effect has been 
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shown by Gharagozloo and coworkers” 
to be at least in part due to additional 
reduction of the rate of aqueous 
formation. 

It is known that B-adrenergic stimu- 
lation of the ciliary epithelium in- 
creases the concentration of cyclic 
adenosine monophosphate in these 
cells whereas a,-adrenergic stimula- 
tion has the opposite effect." These 
effects are explained by the fact that 
D,-receptors are functionally linked to 
adenylate cyclase through a stimula- 
tory protein whereas o,-receptors are 
functionally linked through an inhibi- 
tory protein. The direction of the ef- 
fects on aqueous formation of f,-adren- 
ergic antagonists and a,-adrenergic 
agonists are known to be the same, as 
would be expected if both systems 
depend on cyclic adenosine monophos- 
phate as an intermediate signal. Fur- 
thermore, the magnitude of aqueous 
suppression by these two classes of 
drugs is similar. What is not known 
about their effects on aqueous forma- 
tion is whether they have additive or 
nonadditive effects in eyes that have 
not been altered in any way because of 
long-term exposure to either drug. 
Also, it is not known whether apra- 
clonidine, like timolol, is unable to 
Suppress aqueous formation during 
sleep” or if, on the other hand, it can 
cause additional suppression in sleep- 
ing subjects as does acetazolamide 
(Colin A. MeCannel, MD, Suzanne R. 
Heinrich, MD, and R.F.B., unpub- 
lished data, 1990). In this study, these 
two issues were addressed by measur- 
ing the combined effects of the two 
drugs in persons previously untreated 
with either of these drugs and by 
measuring the effect of apraclonidine 
during the day and during sleep. 


SUBJECTS AND METHODS 


Two studies were carried out. Study A 
was of the combined effect of apraclonidine 
and timolol administered short term in 20 
normal subjects. Study A was carried out in 
the day, from 8 AM to 4 PM. Study B was of 
the effect of apraclonidine in 20 normal 
subjects over a complete 24-hour period. 
The two groups of subjects were almost 
identical; 14 members of study group A 
were also members of study group B. All 
subjects underwent an examination consist- 
ing of measurement of visual acuity, slit- 
lamp examination, tonometry, and direct 
ophthalmoscopy to confirm that their eyes 
were normal. All US federal regulations 


regarding human experimentation were 
followed. 


Measurement of Flow 


Each subject was asked to instill 2% 
fluorescein sodium into each eye four times 
spaced 5 minutes apart, beginning 6 hours 
prior to the beginning of the measurement 
of aqueous flow. Subjects were asked to 
avoid alcoholic beverages, excessive food 
intake, prolonged exposure to sunlight, or 
vigorous exercise during the study. Other- 
wise, the subjects were allowed to partici- 
pate in their normal activities between 
measurements. 

The clearance of fluorescein from the eye 
was calculated by dividing the cameral con- 
centration by the amount of fluorescein lost 
from the eye per unit time." It was as- 
sumed that the diffusional clearance of fluo- 
rescein from the eye was 0.25 „L/min and 
that the remainder of the clearance was due 
to the flow of aqueous humor through the 
anterior chamber. 


Study A: Combined Effect 
of Apraclonidine and Timolol 


All 20 subjects of study group A under- 
went two sequences of tests. For each 
subject there was at least a week's washout 
between the two sequences. Half of the 
subjects underwent sequence 1 first and 
sequence 2 second; the other half of the 
subjeets underwent the sequences in re- 
verse order. In both sequences, aqueous 
flow was measured hourly from 8 AM to 
4 PM. 

In sequence 1, 0.5% timolol (Timoptic) 
was instilled into both eyes at 8 AM. At 
noon, 1% apraclonidine (Iopidine) was in- 
stilled into one eye, chosen by random 
assignment, and a placebo was instilled into 
the fellow eye. 

In sequence 2, 1% apraclonidine was in- 
stilled into both eyes at 8 AM. At noon, 
0.5% timolol was instilled into one eye, 
chosen by random assignment, and a place- 
bo was instilled into the fellow eye. 

The drugs and placebos in both sequences 
that were given by random assignment 
were administered from identically appear- 
ing containers labeled by subject number, 
sequence, and eye. Neither the examiner 
nor the subject knew which eye received 
the active drug. 


Study B: Effect of Apraclonidine 
on Circadian Cycle 


All 20 subjects of study group B under- 
went two sequences of tests, a day se- 
quence and a night sequence. The day 
sequence consisted of instillation of fluores- 
cein at 2 AM and measurements of fluores- 
cence at 8, 9, and 10 AM, and at 4 and 5 PM. 
Immediately after the 8 AM measurement, 
1% apraclonidine was instilled into a ran- 
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domly assigned eye and a placebo was in- 
stilled into the fellow eye. The night se- 
quence consisted of instillation of 
fluorescein at 4 PM and measurements of 
fluorescence at 10 PM, 11 PM, and midnight, 
and at 6 and 7 AM. Immediately after the 10 
PM measurement, 1% apraclonidine was in- 
stilled into a randomly assigned eye and a 
placebo was instilled into the fellow eye. 
The subject was provided safe, quiet, and 
comfortable quarters and was permitted to 
sleep without disturbance between the 
measurements at midnight and 6 AM. 

The 20 subjects were divided into two 
groups of 10 each. One group underwent 
the day sequence first and the night se- 
quence second. The other group underwent 
these sequences in reverse order. At least 
one weeks washout elapsed between the 
two sequences for every subject. 


Statistical Analysis 


The two-sided Student t test for paired 
samples was used for the determination of 
statistical significance. If the probability of 
a type I statistical error is .05, the sample 
size can detect a 15% effect on aqueous flow 
with a power (1-(3) of .95. 


RESULTS 
Study A 


Figure 1 shows the effect of timolol 
on aqueous humor flow. The effect 
appears to have become maximum 
within an hour of instillation. The addi- 
tion of apraclonidine at noon to one eye 
had no statistically significant effect as 
compared with the fellow placebo- 
treated eye. Figure 2 shows the effect 
of apraclonidine, which appears to 
have a more gradual onset. The addi- 
tion of timolol at noon had no statisti- 
cally significant effect as compared 
with the placebo-treated eye. The nu- 
merical averages of flow in both groups 
during the single drug action (10 AM to 
noon) and during the combined drug 
action (2 to 4 PM) are outlined in 
Table 1. 


Study B 


Figure 3 and Table 2 summarize the 
results of Study B. Apraclonidine was 
observed to reduce the rate of aqueous 
humor flow in the day, as has been 
demonstrated previously. In addition, 
this drug was effective in lowering the 
rate of aqueous flow during sleep be- 
low what can be produced by sleep 
alone. The rate in the sleeping, 
apraclonidine-treated eye, 0.84+0.28 
pL/min, is the lowest rate yet ob- 
served in our studies of the human 
eye. 


COMMENT 


There is similarity between the ef- 
fects of timolol and apraclonidine in 
this experiment. Both drugs diminish 
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Flow, uL/min 


10AM 11 AM 


* 1 «8*4 4 





Noon 


«€ Timolol, Apraclonidine 


A Timolol, Placebo 
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Apraclonidine/Placebo 


1 PM 2 PM 3 PM 4 PM 5 PM 


Time of Day 


Fig 1.—Aqueous flow after timolol maleate, followed by apraclonidine hydrochloride, showing 
lack of an effect of apraclonidine in the timolol-treated eye. 





4.0 
3.5 @  ^praclonidine, Timolol 
3.0 A Apraclonidine, Placebo 
e 25 
5 
a 2.0 
z A A 
oO 45 A á 
TE ; 
+ 
1.0 
0.5 Timolol/Placebo 
0 
8AM 9AM  10AM 11AM Noon 1 PM 2 PM 3 PM 4PM 5 PM 
Time of Day 


Fig 2.—Aqueous flow after apraclonidine hydrochloride, followed by timolol maleate, showing 
lack of an effect of timolol in the apraclonidine-treated eye. 









10 am-Noon 
Sequence 1 
Eye Timolol maleate 
1.84 + 0.57 
Timolol 
1.81 + 0.61 


Fellow eye 


Sequence 2 


Eye Apraclonidine NS 
1.90 + 0.52 gp 
Fellow eye Apraclonidine 


1.95 + 0.48 





* NS indicates not significant. 


flow, and to approximately the same 
extent. During the day, neither drug 
appears to augment the effect of the 
other, at least to the extent that can be 
proved in a sample of 20 subjects. This 
sample size provides 95% confidence 
that an additive effect of either drug of 


Table 1.— Study A: Combined Effect of Apraclonidine and Timolol 


Mean (+ SD) Flow, uL /min at 


eer —— 





2 PM-4 PM 


Add placebo 
1.78 + 0.26 
Add apraclonidine hydrochloride 
1.60 + 0.35 










Add placebo 
1.87 +.0.67 
Add timolol 

1.41 + 0.48 


NS 


15% or greater would have been dis- 
covered. The lack of a finding suggests 
that the two drugs share a common 
pathway in achieving their effects or 
that aqueous flow resists suppression 
to a lower level than occurs with either 
drug acting alone. 
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Fig 3.—Aqueous humor flow during the circadian cycle showing the effect of apraclonidine 
hydrochloride both in the day and during sleep. 









Placebo-treated eye 









Apraclonidine-hydrochloride- 
treated eye 


Why is it that these drugs do not 
appear to act synergistically in persons 
who are not receiving long-term treat- 
ment while apraclonidine lowers both 
intraocular pressure"" and flow" in 
persons receiving long-term treatment 
with B-blockers? One possibility is that 
the eye being treated long term has 
adapted to the drug, which has partly 
lost its effect. The partial loss of the 
effect of timolol on flow after long-term 
use has been shown experimentally. 
One might expect a greater effect from 
the drug to which the eye is not 
adapted, and this is what has been 
observed. It would be interesting to 
see if an eye that has been treated long 
term with apraclonidine would respond 
to a short-term dose of a B-adrenergic 
antagonist. 

Unlike f-adrenergic antagonists, 
apraclonidine was observed to sup- 
press the rate of aqueous flow in the 
sleeping eye, an effect that has been 
observed for acetazolamide (Colin A. 
McCannel, MD, Suzanne R. Heinrich, 
MD, and R.F.B., unpublished data, 
1990). A number of explanations for 
this observation are possible, of which 
two are worthy of mention. 

First, it is possible that apracloni- 
dine’s effect is due to actions at more 
than one site. In addition to its effects 
as a relatively selective a,-adrenergic 
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Table 2.— Study B: Effect of Apraclonidine on the Circadian Cycle 


10 AM-4 PM 
2.84+ 0.61 


P < .0001 


2.00 + 0.54 





Mean (+ SD) Flow, uL / min at 









Midnight-6 AM 
1.15 + 0.40 










P « .0001 


<-> 





je = .0016 





P < .0001 


@—p 


0.84 + 0.28 





agonist, apraclonidine has «a,-effects. 
Its ability to vasoconstrict conjunctival 
vessels is readily apparent to a clinical 


observer. Fahrenbach et al” have 
shown that apraclonidine is a very 
effective vasoconstrictor of afferent ar- 
terioles of the ciliary body of rabbits, 
and Funk and Rohen” have shown that 
this activity in humans is generalizable 
to other a,-adrenergic agonists. Thus, 
in addition to any direct effect it might 
have on postsynaptic a,-receptors of 
the ciliary epithelium, apraclonidine 
could reduce aqueous formation in part 
by reducing blood flow to the ciliary 
body. 

A second possible explanation of 
apraclonidine’s effect on the sleeping 
eye would be to assume that there is a 
basal rate of cyclic adenosine mono- 
phosphate synthesis in the sleeping 
eye that occurs in the absence of 
B,-adrenergic stimulation and that can 
be blocked by the activation of an 
inhibitory protein. If the sleeping eye 
lacks ,-adrenergic stimulation, the 
lack of an effect of a Q-adrenergic 
antagonist is also explained. 

Neither of these explanations may 
be correct, and this experiment can 
only serve to demonstrate the net ef- 
fect of the topically applied drugs as 
observed under the experimental con- 
ditions described in this article. 
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Effects of Topical Flurbiprofen on the Intraocular 
Pressure Lowering Effects of Apraclonidine and Timolol 


Michael E. Sulewski, MD; Alan L. Robin, MD; Howard L. Cummings, MD; Lawrence M. Arkin, MD 


e We performed a prospective study 
that evaluated whether pretreatment with 
topical flurbiprofen alters the intraocular 
pressure (IOP) lowering effects of either 
topical 1% apraclonidine hydrochloride 
or 0.5% timolol maleate. Eighteen normal 
volunteers participated in this six-armed, 
randomized, double-masked, crossover 
study. All subjects received the first 
study medication, either bilateral 0.3% 
flurbiprofen or placebo (its vehicle), ev- 
ery 30 minutes for four applications. 
They next received the second study 
medication: either 0.5% timolol maleate 
(Timoptic), 1% apraclonidine hydrochlo- 
ride, or placebo in both eyes. We mea- 
sured IOP before the instillation of the 
first study medication and the second 
study medication (baseline), and then at 
1, 3, and 6 hours later. All subjects un- 
derwent all six treatment arms. Flurbipro- 
fen alone had no effect on IOP. Maximum 
IOP lowering occurred between 3 and 
6 hours after timolol and apraclonidine 
administration. There was no difference 
in IOP lowering between timolol- and 
apraclonidine-treated eyes. Pretreatment 
with flurbiprofen did not affect the IOP 
lowering that was obtained with timolol 
or apraclonidine administration. 

(Arch Ophthalmol. 1991;109:807-809) 


A Praclonidine hydrochloride is a 

clonidine derivative and a relative- 
ly selective a,-agonist. Apraclonidine 
causes marked decreases in intraocular 
pressure (IOP) with a minimal effect 
on cardiovascular parameters." The 
mean percent IOP decrease from base- 
line is similar in normal volunteers and 
subjects with preexisting glaucoma.’ It 
is therefore meaningful to use normal 
subjects in some studies that evaluate 
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IOP lowering effects of apraclonidine. 

Apraclonidine minimizes large, 
acute IOP elevations after argon laser 
iridotomy,” argon laser trabeculo- 
plasty, ° and neodymium-YAG posteri- 
or capsulotomy.™ It is presently the 
only commercially available medication 
that is capable of significantly reducing 
the acute transient IOP rise following 
argon laser iridotomy and trabeculo- 
plasty.* 

Marked IOP elevations also compli- 
cate extracapsular cataract surgery. " 
In one prospective study," 59% of eyes 
undergoing extracapsular cataract sur- 
gery had an IOP of 25 mm Hg or 
greater, and 12% had an IOP of 40 mm 
Hg or greater, during the first 24 
postoperative hours. Almost two 
thirds of eyes with an IOP of 30 mm 
Hg or greater at the 2-hour postopera- 
tive measurement continued to have 
an elevated IOP at 24 hours, despite 
treatment with topical betaxolol hy- 
drochloride and oral acetazolamide. 
This IOP elevation associated with 
contemporary cataract surgery could 
cause visual loss, even in normal non- 
glaucomatous eyes. Topical and intra- 
cameral miotics decrease but do not 
eliminate the frequency of the IOP 
rise." The further addition of topical 
B-bloekers may be of some benefit, ^^^ 
but these medications, even when add- 
ed to mioties, do not eliminate the IOP 
rise. 

Prostaglandins may, in part, medi- 
ate the ocular hypotensive effect of 
some topically applied medications." 
Apraclonidine increases endogenous 
prostaglandins in rabbit aqueous hu- 
mor." Topical flurbiprofen blocks the 
ocular hypotensive effect of apracloni- 
dine in normotensive and glaucoma- 
tous monkey eyes.” Flurbiprofen 
might also block apraclonidine’s IOP 
lowering in humans. Many surgeons 
use flurbiprofen (0.03%), a nonsteroi- 
dal cyclo-oxygenase inhibitor, to pre- 
vent surgically induced miosis during 
cataract surgery. This therapy with 
flurbiprofen could make apraclonidine 
less effective as a prophylactic agent 


for the IOP rise associated with cata- 
ract surgery. 

Pretreatment with topical flurbipro- 
fen also inhibits the IOP reduction of 
epinephrine, forskolin, and vanadate in 
glaucomatous monkeys. However, 
flurbiprofen treatment has no effect on 
the IOP lowering effects of timolol 
maleate.” 777 

We performed a six-armed prospec- 
tive, randomized, double-masked, 
crossover study that evaluated the ef- 
fect of flurbiprofen on the IOP-lower- 
ing effects of apraclonidine hydrochlo- 
ride (1%) and timolol maleate (0.5%) in 
normal volunteers. 


SUBJECTS AND METHODS 


We recruited normal volunteers who 
were aged older than 21 years. We exclud- 
ed subjects for the following reasons: any 
active ocular infection, past or present ocu- 
lar pathologic condition, unstable cardiovas- 
cular disease, previous intraocular surgery, 
the use of any topical medications within 1 
week before entering the study, or the use 
of any systemic a-adrenergic agonist or B- 
blocker. Each subject gave written in- 
formed consent. 

Before beginning the study, we per- 
formed a medical history on each subject. 
We performed an ophthalmic examination, 
including Snellen’s visual acuity, slit-lamp 
evaluation, and applanation IOP determina- 
tion. Volunteers then received one drop of 
the first study medication (either placebo or 
flurbiprofen) that was administered to both 
eyes, one drop every half hour for 2 hours (a 
total of four drops to each eye). We again 
measured IOPs. 

We next administered one drop of the 
second study medication to both eyes in a 
double-masked, randomized fashion. The 
second study medication was either 1% 
apraclonidine hydrochloride, 0.5% timolol 
maleate, or placebo. Intraocular pressures 
were repeated 1, 3, and 6 hours following 
the administration of the second 
medication. 

All volunteers received all six sequences 
of the medications. The combinations were 
either placebo-placebo, placebo-apracloni- 
dine, placebo-timolol, flurbiprofen-placebo, 
flurbiprofen-apraclonidine, or flurbiprofen- 
timolol. We utilized both the placebo, as an 
inactive control, and timolol, as an active 
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control, for the second study medication. 
The 6 test days were each separated by a 
minimum of 1 week. We administered the 
test drops in a random manner. 

Results are reported as mean+1 SD. 
Paired £ tests were used, when appropriate. 
Results were not considered to be signifi- 
cant unless P<.05. 


RESULTS 


Eighteen volunteers completed all 
six arms of the study. Ages ranged 
from 29 to 58 years (mean+SD age, 
39.9+9.5 years). Seven volunteers 
(3996) were men, and 11 (61%) were 
women. Two volunteers (11%) were 
black, and 16 (89%) were non-Hispanic 
whites. Iris colors were brown in four 


(22%), blue in seven (39%), green in 
three (17%), and hazel in four (22%) of 
the subjects. 

The mean+SD IOP measurements 
before administration of the first study 
medication (flurbiprofen or placebo) 
ranged from 15.8+3.5 mm Hg to 
15.9+3.3 mm Hg. The mean+SD 
baseline IOPs before the second study 
medication (apraclonidine, timolol, or 
second placebo) are found in the Table. 
There was no significant difference in 
the mean initial or baseline IOPs. 
There was no significant difference in 
IOPs between eyes that received ei- 
ther flurbiprofen or placebo as the first 
study medication when the placebo 


was given as the second study 
medication. 

There was a significant mean IOP 
lowering (P<.001) in the groups that 
receivied apraclonidine and timolol as 
the second medication when compared 
with placebo (Figs 1 and 2). The Table 
demonstrates the mean + SD IOP at 1, 
3, and 6 hours following baseline for all 
treatment group combinations. Flurbi- 
profen (0.03%) did not appear to alter 
the IOP-lowering effects of either 
apraclonidine or timolol when com- 
pared with that of placebo. We also 
noted the normal diurnal fluctuation of 
IOP in the eyes that received placebo 
as both their first and second study 


Mean IOPs* 


Mean + SD IOP, mm Hg 


Treatment — 
Group Baseline 1h 3h 6h 
Placebo and 


placebo 15.9 + 3.3 15.3 + 3.5 


Flurbiprofen 
and placebo 
Placebo and 
timolol maleate 


16.0 + 3.2 16.2 + 3.2 


15.8 + 3.4 ie = 2.7 


Flurbiprofen 


and timolol 16.0 + 3.0 tee = 2.8 


Placebo and 
apraclonidine 
hydrochloride 

Flurbiprofen and 
apraclonidine 


16.0 + 3.0 12.8 + 3.0 


16.0 + 3.2 
*IOPs indicate intraocular pressures. 


12:6: 9.1 


Fig 1.—Line graph demonstrates the mean intraocular pressures 
(IOPs) of volunteers who were treated with both placebo and timolol 
maleate (0.5%) as their second medication. Dotted lines represent 
eyes that received flurbiprofen (Ocufen) as the first study medication. 
Closed circles received placebo as the second study medication. This 
baseline is following the bilateral administration of either placebo or 
0.03% flurbiprofen every 30 minutes for 2 hours. Note that there is no 
difference between flurbiprofen- and placebo-treated eyes, irrespec- 
tive of the second medication. Eyes that were treated with timolol had 
lower (P<.001) IOPs than placebo-treated eyes. Closed circles and 
solid line indicate placebo-placebo treatment; open circles and solid 
line, placebo-timolol treatement; closed circles and dotted line, flurbi- 
profen-placebo treatment; and open circles and dotted line, flurbipro- 
fen-timolol treatment. 
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Mean IOP, mm Hg 
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14.2 + 3.3 


15.0 + 3.7 


10.9 + 2.3 


10.6 + 3.3 


10.7 = 2.5 


10.0 + 2.9 





medications. 

This study had an 8096 power of 
detecting a mean difference of a 
1.2-mm Hg change of IOP among 
treatment groups (ie, if a difference as 
large as 1.2 mm Hg truly existed, this 
study had an 80946 chance to detect it). 
Similarly, it had a 9096 power to detect 
a difference of 1.4 mm Hg. 


143 = 3.0 COMMENT 


To our knowledge, no prior studies 
have investigated the effect of flurbi- 
profen on the IOP lowering effects of 
both 1% apraclonidine hydrochloride 
and 0.5% timolol maleate in normoten- 
sive subjects. In this study, the IOP 
lowering effects of both apraclonidine 
and timolol were similar to that previ- 
ously reported. +” 

In subjects who were pretreated 


Fig 2.—Line graph demonstrates the mean intraocular pressures 
(IOPs) of volunteers who were treated with both placebo and apraclon- 
idine hydrochloride (1%) as their second medication. The baseline is 2 
hours after beginning the study. Solid lines represent eyes that re- 
ceived placebo as the first medication. Open circles represent eyes 
that received apraclonidine as the second medication. This baseline is 
following the bilateral administration of either placebo or 0.03% flurbi- 
profen every 30 minutes for 2 hours. Note that there is no difference 
between flurbiprofen- and placebo-treated eyes, irrespective of the 
second medication. Eyes that were treated with apraclonidine had 
lower (P<.001) IOPs than placebo-treated eyes. Closed circles and 
solid line indicate placebo-placebo treatment; open circles and solid 
line, placebo-apraclonidine treatment; closed circles and dotted line, 
flurbiprofen-placebo treatment; and open circles and dotted line, flur- 
biprofen-apraclonidine treatment. 


18 
D 
e 
c 15 
E 
a 
O 
= 
S 12 
5 





Baseline 1 3 6 
Time, h 


Flurbiprofen — Sulewski et al 





Ter DIL a, 
E7? A pas į 4 r 


with flurbiprofen and then received 
timolol, there was a 34% decrease in 
IOP at 3 hours and a 31% decrease at 6 
hours. In the group that was pretreat- 
ed with flurbiprofen followed by apra- 
clonidine, there was a 37% lowering of 
the IOP at 3 hours and a 35% lowering 
at 6 hours from baseline. We detected 
similar IOP reductions when a placebo 
was substituted for flurbiprofen as the 
first study medication. Pretreatment 
with topical flurbiprofen (0.03%) did 
not alter the IOP lowering effects, in 
normal volunteers, of these two topical 
ocular hypotensive agents. 

Wang and coworkers” found that 
flurbiprofen pretreatment inhibited 
the pressure-lowering effect of p-amin- 
oclonidine in normotensive and glauco- 
matous cynomolgus monkey eyes. We 
cannot explain why the results of our 
study differ. There may be a difference 
in the way monkeys and humans re- 
spond to topical apraclonidine and/or 
flurbiprofen. However, Siegel and co- 
workers” also found no significant in- 
teraction between 1% apraclonidine 
hydrochloride and 0.03% flurbiprofen, 
when used in clinically available con- 
centrations in patients with glaucoma. 
Results of aqueous flow studies in hu- 
mans also agree with our findings. 
McCannel and associates” performed 
fluorophotometry on 20 healthy human 
volunteers. They found that flurbipro- 
fen pretreatment did not have any 
appreciable effects cn apraclonidine’s 
ability to suppress aqueous flow. 

The design of the study of Siegel and 
coworkers” differed from that of ours 
in that they treated only one eye with 
flurbiprofen. Our work in humans used 
a crossover design to account for varia- 
tions among subjects. We utilized bi- 
lateral therapy to eliminate problems 
associated with contralateral effects 
from any medication. In addition, we 
used timolol as a control, as previous 
work found that nonsteroidal agents do 
not diminish timolol’s IOP reduction in 
humans." 

The current trend in cataract sur- 
gery is to use flurbiprofen or other 
nonsteroidal anti-inflammatory agents 
every 30 minutes for a total of four 
applications to the operated eye, start- 
ing 2 hours preoperatively." If apra- 
clonidine or topical B-blockers are go- 
ing to be used to help blunt the 
postoperative IOP rise, then the ques- 
tion of whether topical nonsteroidal 
anti-inflammatory agents would inhibit 
the action of either of these topical 
IOP-lowering medications is impor- 
tant. Our study addressed this issue in 
a nonsurgical model. There did not 
appear to be any inhibitory effect on 
the pressure lowering of either topical 
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a-agonists or B-blockers used after 
flurbiprofen therapy. 

We recognize the limitations of our 
model. Volunteers in our study may 
have reacted differently than those 
undergoing cataract surgery. Eyes of 
older patients may also react different- 
ly than those of our younger subjects. 
In addition, eyes of patients with glau- 
coma may be still different than those 
that we treated. Further studies are 
needed to confirm our findings in eyes 
undergoing cataract surgery. 


The authors have no financial, commercial, or 
proprietary interest in Alcon Laboratories, Inc, 
Fort Worth, Tex, Merck & Co, West Point, Pa, or 
Allergan Pharmaceuticals, Inc, Irvine, Calif. 
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Topical Flurbiprofen Pretreatment Does Not Block 
Apraclonidine’s Effect on Aqueous Flow in Humans 


Colin MeCannel; Timo Koskela, MD; Richard F. Brubaker, MD 


e Flurbiprofen's effect on the ability of 
apraclonidine hydrochloride (para-amin- 
oclonidine) to reduce aqueous humor 
flow was studied in 20 healthy human 
volunteers. Flurbiprofen sodium, in a 
0.03% concentration, was administered 
topically to one eye and a placebo to the 
contralateral eye of each subject in a 
random, double-masked fashion. A total 
of four drops was administered to each 
eye during a 30-minute period beginning 
at 7 AM. Thirty minutes later, one drop of 
19e apraclonidine was instilled into each 
eye. Flow rates were measured with 
fluorophotometry from 7 AM to noon. The 
mean (= SD) rate of flow after administra- 
tion of flurbiprofen and apraclonidine at 
the peak of apraclonidine's effect was 
1.56 +0.50 L/min , and after administra- 
tion of placebo and apraclonidine was 
1.53 +0.43 L/min. With a sample size of 
20 and a coefficient of variation of flow 
measurement of 15%, there is a 95% 
chance of detecting a difference in flow 
rate of 15% or greater using the tech- 
niques employed in this study. Since 
there was no statistically significant dif- 
ference between the rates of flow under 
the two conditions, we conclude that 
flurbiprofen has no appreciable effect on 
apraclonidine's ability to suppress aque- 
ous flow. 

(Arch Ophthalmol. 1991;109:810-811) 
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Tre a, agonist clonidine hydrochlo- 

ride is known to reduce intraocular 
pressure in humans by diminishing the 
rate of aqueous humor flow.’ The same 
effect has been observed with the 
closely related derivative apracloni- 
dine hydrochloride. The latter com- 
pound has been shown to increase the 
concentration of endogenous prosta- 
glandins in the aqueous humor in rab- 
bits." In addition, apraclonidine’s effect 
on intraocular pressure in monkeys has 
been shown to be blocked by topical 
pretreatment with the prostaglandin 
synthetase inhibitor flurbiprofen sodi- 
um.” These observations suggest that 
endogenous prostaglandins may be re- 
sponsible for some or all of the ob- 
served ocular hypotensive effects of 
apraclonidine. This hypothesis is of 
practical as well as theoretical interest 
since it is likely that both apraclonidine 
and flurbiprofen, under some clinical 
circumstances, would be useful and 
might occasionally be administered 
together. 

In normal humans, the ability of 
apraclonidine to reduce intraocular 
pressure appears to be due entirely to 
its effect on aqueous flow, an effect 
that is consistent and easily measur- 
able. If flurbiprofen were to have a 
clinically significant inhibitory effect 
on this action of apraclonidine, the 
inhibition could be observed by study- 
ing the flow in the apraclonidine-treat- 
ed eye with and without pretreatment 
with flurbiprofen. 'This article de- 
scribes such a study. 


MATERIALS AND METHODS 
Subject Selection 
Twenty healthy adult participants (nine 


men and 11 women), with a mean age of 31 
years were studied. Each subject under- 


went an ocular examination including visual 
acuity testing, direct ophthalmoscopy, slit- 
lamp examination, and Goldmann applana- 
tion tonometry to ensure that there was no 
ocular disease. Inclusion criteria were 
equality of intraocular pressure of the two 
eyes within 3 mm Hg, no allergy, and no 
contraindication to use of apraclonidine (eg, 
known heart disease or sensitivity to adren- 
ergic drugs) or flurbiprofen (epithelial her- 
pes simplex keratitis). No subject was con- 
currently involved in another clinical trial 
(within 30 days) or used any medications 
other than oral contraceptives. 


Procedures 


The rate of flow was measured by a 
fluorescein clearance technique using the 
two-dimensional  fluorophotometer de- 
scribed by McLaren and Brubaker.’ The 
concentration of fluorescein in the cornea 
and anterior chamber was determined hour- 
ly. The rate of aqueous humor flow was 
calculated by a modification of method 2 of 
Jones and Maurice." 

Each subject was instructed to instill one 
drop of 2% fluorescein sodium into each eye 
three times at 5-minute intervals beginning 
at 2 AM on the day of the study. At 7 AM, 
the subjects reported to the testing site 
when the first of the hourly measurements 
was performed. (The 5-hour delay permits 
the fluorescent tracer to distribute itself 
evenly throughout the corneal stroma and 
improves the accuracy and repeatability of 
the measurement of the clearance of fluo- 
rescein from cornea and anterior chamber.) 
The last measurement was made at noon. 
Intraocular pressure was not measured to 
avoid any artifact that might interfere with 
the accurate measurement of fluorescence 
in the cornea and anterior chamber or alter 
the permeability of the corneal epithelium 
to fluorescein. 

After the 7-AM measurement, we began 
administering four drops of 0.03% flurbipro- 
fen (Ocufen, Allergan Pharmaceuticals, Ir- 
vine, Calif) into one eye and placebo (Hypo- 
tears, Iolab Pharmaceuticals, Claremont, 
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Mean (+ SD) Flow Rates Between Hourly Administrations, uL/min 


MM ————M,——————————————————————————D 
7-8 AM" 


Treatment 


Pretreated with 
flurbiprofen 

Not pretreated 
with flurbiprofen 

Difference between 
means 

P (two-sided 
t test) 


* Period before apraclonidine administration. 


8-9 AM 
2.83+1.17 2.7310 0.86 


3.07 +0.97 2.83+0.85 


9-10 AM 


2.05+0.75 


2.07 + 0.57 


10-11 Am 11 AM-Noon 8 am-Noont 


1.68 0.53 1.56+0.50 2.01+0.61 


1.78+0.48 1.53+0.43 2.06 0.52 





TPeriod after apraclonidine administration (average of hourly values). 


Calif) into the fellow eye. The designation 
was done by random assignment; the identi- 
ty of the drug and placebo was masked from 
the investigator and the subject. Instilla- 
tions were performed 10 minutes apart. 
Following the 8-AM fluorophotometric ex- 
amination, one drop of 1% apraclonidine 
(1% Iopidine, Alcon Laboratories, Fort 
Worth, Tex) was administered into each 
eye. 

The rate of flow in the flurbiprofen-pre- 
treated eye was compared with the rate in 
the placebo-pretreated eye using the stu- 
dent’s two-sided t test for paired samples. 
Differences were considered statistically 
significant at P<.05. The sample size of 20 
matched pairs of eyes provides a power (1- 
B) of 0.95 for the detection of a difference of 
0.45 uL per minute in the rate of aqueous 
flow between the treated and the untreated 
eye. Since apraclonidine suppresses aque- 
ous flow by approximately 0.90 uL per 
minute, the study should be able to detect 
even a partial blockage of apraclonidine's 
effect. 

After completion of the study, 10 of the 
20 subjects were retested according to the 
same protocol except that apraclonidine 
was not administered to either eye. This 
procedure was done to be sure that flurbi- 
profen per se had no effect on aqueous flow. 


RESULTS 


The mean (+SD) rate of flow for the 
period from 8 AM to noon was 
2.012 0.61 uL per minute in the flurbi- 
profen-pretreated eye and 2.06 +0.52 
uL per minute in the placebo-pretreat- 
ed eye. The mean difference in the 
rates between treated and untreated 
eye was 0.048-—0.37 uL per minute 
(P=.57). The Table shows the mean 
hourly flow rates demonstrating that 
the effect of apraclonidine did not dif- 
fer in eyes pretreated with flurbipro- 
fen compared with placebo-pretreated 
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eyes. Flurbiprofen alone had no mea- 
surable effect on flow. In 10 subjects, 
the rate of flow in the flurbiprofen- 
treated eye from 8 AM until noon was 
3.94 — 0.60 uL per minute, and in the 
placebo-treated eye was 3.11+0.38 pL 
per minute. The mean difference in the 
rates between the flurbiprofen- and 
placebo-treated eyes was 0.23+0.57 
pL per minute (P=.23). (A sample 
size of 10 provides a power of 0.95 to 
detect a 20% effect on flow.) 


COMMENT 


In this study, we were unable to 
detect any effect of pretreatment of 
the eye with the prostaglandin synthe- 
tase inhibitor flurbiprofen on the flow- 
suppressing effect of the a, adrenergic 
agonist apraclonidine. Apraclonidine 
was observed to depress the rate of 
flow by approximately 1 uL per min- 
ute, a 33% reduction, 3 hours after its 
administration, comparable with the 
34% effect observed by Gharagozloo et 
al.” We cannot exclude a small effect of 
flurbiprofen or the possibility that 
prostaglandin synthesis was not com- 
pletely blocked by flurbiprofen pre- 
treatment. We also cannot exclude the 
possibility that flurbiprofen has a con- 
tralateral effect, but we are unaware 
of any evidence that it does. 

The results contrast with the finding 
that the intraocular pressure-lowering 
effect of apraclonidine in glaucomatous 
monkeys is blocked by flurbiprofen.° 
The apparent lack of concordance be- 
tween the two studies could be due 
either to differences in the effects of 
either of the two drugs in humans and 
monkeys or to some other methodolo- 
gic difference between the two studies. 
For example, intraocular pressure, not 
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flow, was measured in the previous 
study. 

Two recent studies measuring in- 
traocular pressure in humans, one by 
Sulewski et al and one by Siegel et al," 
showed that flurbiprofen has no signifi- 
cant effect on apraclonidine’s ability to 
decrease intraocular pressure in nor- 
mal volunteers or in patients with 
glaucoma or ocular hypertension. 
These observations corroborate our 
findings and the possibility of interspe- 
cles differences with regard to apra- 
clonidine’s mechanism of action. 

The results of this study support the 
idea that flurbiprofen will not block or 
antagonize the major mechanism of 
apraclonidine's effect on aqueous dy- 
namics in the human eye, namely, its 
flow-suppressing effect. However, cli- 
nicians should be aware of the interac- 
tion of these two drugs in the glauco- 
matous monkey eye and the possibility 
that some of the effects of apracloni- 
dine on the eye might be mediated by 
endogenous prostaglandins. 


This study was supported by grant EY 00634 
from the National Institutes of Health; Research 
to Prevent Blindness Ine, New York, NY; and the 
Mayo Foundation, Rochester, Minn. 
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Foveal Avascular Zone Diameter and Sickle Cell Disease 


Reginald J. Sanders, MD; Gary C. Brown, MD; Rebecca B. Rosenstein, PhD; Larry Magargal, MD 


e Patients with sickle cell disease can 
have a distinct retinopathy in which the 
posterior pole shows abnormalities, in- 
cluding perifoveolar vascular abnormali- 
ties. The foveal avascular zone (FAZ) was 
examined using fluorescein angiography 
in patients with sickle cell disease and in 
healthy normal controls. The longest 
FAZ diameters of 38 patients (51 eyes) 
with sickle cell disease were compared 
with those of the 48 patients (60 eyes) in 
the control group. The average of the 
longest FAZ diameter in the patients with 
sickle cell disease was 1.00 mm com- 
pared with 0.61 mm for the controls. This 
difference was statistically significant 
(P<.00001). Within the sickle cell group, 
there were no significant differences in 
the FAZ diameters with respect to degree 
of retinopathy, type of sickle hemoglo- 
binopathy, or visual acuity. Thus, an en- 
larged FAZ diameter in patients with 
sickle cell disease is confirmed. 

(Arch Ophthalmol. 1991;109:812-815) 


he effects of sickle cell anemia on 

the retina are well documented in 
the literature. A vaso-occlusive phe- 
nomenon produces a characteristic pe- 
ripheral proliferative retinopathy. In 
addition, there are several other 
nonproliferative peripheral retinal 
changes ascribed to sickle cell disease.' 
There is also a growing body of litera- 


ture documenting the macular and pe- 
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rimacular abnormalities in patients 
with sickle cell disease. These changes 
include microaneurysmlike dots, venu- 
lar loops, and arteriolar occlusions. "^" 
More subtle macular changes have in- 
cluded a pathologically shaped or en- 
larged foveal avascular zone (FAZ). ^ 

In this study, we attempted to de- 
termine quantitatively i? there existed 
a difference in the size of the FAZ 
diameter in patients with known sickle 
cell disease vs normal controls. Within 
the sickle cell group we also attempted 
to ascertain whether there was a dif- 
ference in the size of the FAZ diame- 
ter with regard to the type of sickle 
cell disease or severity of sickle cell 
retinopathy. 


PATIENTS, MATERIALS, AND METHODS 


The medical records and fluorescein an- 
giograms of patients referred to the Retinal 
Vascular Unit of Wills Eye Hospital, Phila- 
delphia, Pa, with the diagnosis of sickle cell 
hemoglobinopathy between 1976 and 1985 
were reviewed. All patients in the study 
had the diagnosis of sickle cell disease or 
trait confirmed by hemoglobin electropho- 
resis. Patients with prior photocoagulation, 
ocular surgery, or cryotherapy were ex- 
cluded. All patients with another known 
systemic vascular disorder (such as diabe- 
tes mellitus), unclear media (from vitreous 
hemorrhage, cataract, or corneal disease), 
glaucoma, or other unrelated retinal disor- 
ders were also excluded. Those patients 
who did not have a good-quality angiogram 
or had a known refractive error over 4 
diopters (D) of sphere or spherical equiva- 
lent were not included in the study. Thirty- 
eight patients (51 eyes) were enrolled in the 
study. 

The normal controls were healthy nondia- 
betic patients. The files of the Fluorescein 
Unit were examined to find those patients 
who were age matched with patients in the 
sickle group and had normal fluorescein 
angiograms. Only those patients who had 
good-quality angiograms and met the same 
exclusion qualifications as those in the sick- 


le cell group were included in the control 
group. 


Fluorescein Angiography 


Fluorescein angiography was performed 
in the standard fashion with rapid injection 
of 5 mL of 10% fluorescein sodium into the 
antecubital vein. Photographs were taken 
with a camera (Zeiss Fundus Flash II) 
using excitation and barrier filters and a 
specific film (Kodak Tri-X, Kodak Ince, 
Rochester, NY). Photographs included a 
30° field centered on the macula. 

The highest-quality capillary-phase an- 
giogram was used to measure the FAZ. The 
negative was magnified and projected on a 
screen. The outline of the FAZ was drawn 
and the longest diameter was measured. To 
make a quantitative comparison, the 
lengths were measured in relation to the 
optic disc in each eye. One examiner 
(R.J.S.) measured the FAZs, with the diag- 
nosis of the patient masked. Because pa- 
tients with ametropia greater than 4 D 
were excluded, the influence of the refrac- 
tive error of each patient on measurement 
of FAZ size using the Zeiss camera was 
limited to less than 7%.” 


Statistical Methods 


To assure that the patients with sickle 
cell disease and the controls were similar 
with respect to age and sex, we first exam- 
ined the distribution of age and sex in the 
two groups. The mean ages were compared 
using Student's t test, and the percentages 
of male subjects in the two groups were 
compared using a x^ test. 

There were two main goals to the analy- 
sis: to determine if the diameter of the FAZ 
in patients with sickle cell disease differs 
from that in subjects without disease, and 
to determine if any relationship exists be- 
tween FAZ diameter and the type of sickle 
cell disease, the degree of retinopathy, vi- 
sual acuity, age, or sex of patients with 
siekle cell disease. Because some of the 
subjects in this study contributed informa- 
tion on both eyes, statistical methods were 
used to account for the positive correlation 
that often exists between measurements 
from the two eyes of a single subject." 
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Rosner” discussed methods for the analysis 
of general linear models adjusting for the 
intraclass correlation between eyes of the 
same subject and allowing both subject- 
level and eye-level characteristics in the 
model. Rosner’s General Linear Model In- 
traclass Correlation program was used to 
carry out all analyses on these groups of 
eyes. 


RESULTS 
Population Description 


There were 38 patients in the sickle 
cell disease group (51 eyes) and 48 
patients (60 eyes) in the control group. 
The mean (+SD) age in those with 
sickle cell disease was 22.4+7.8 years 
and it was 19.9+7.1 years in the nor- 
mal controls. There were 21 men and 
17 women among the group with sickle 
cell disease and 25 men and 23 women 
among the controls. These differences 
were not significant (P=.13 and .09, 
respectively.) All of the patients with 
sickle cell disease were black, while 
eight (17%) of the controls were black. 

Among those with sickle cell dis- 
ease, the specific type of hemoglobin- 
opathy was divided as follows: 22 pa- 
tients had sickle cell disease, 12 had 
sickle C, and four had sickle thalesse- 
mia. The severity of sickle cell retinop- 
athy in sickle cell eyes was graded 
using the Goldberg classification." 
Twenty-one eyes had no clinical evi- 
dence of sickle cell retinopathy, four 
had stage 1, five had stage 2, 19 had 
stage 3, and two had stage 4. 

The visual acuities among those in 
the group with sickle cell disease 
ranged as follows: 30 eyes had a visual 
acuity of 20/20 or better, 18 eyes had a 
visual acuity of 20/25 to 20/40, and 
three eyes had a visual acuity of less 
than 20/40. The visual acuities among 
the normal controls were as follows: 45 
eyes had 20/20 or better, and 15 eyes 
were between 20/25 and 20/40. 


FAZ Measurement 


The longest FAZ diameters for the 
5l eyes from patients with sickle cell 
disease ranged from 0.55 to 1.60 mm 
(mean-c SD, 1.00+0.28 mm). For the 
60 control eyes, longest FAZ diame- 
ters ranged from 0.33 to 1.00 mm 
(mean+SD, 0.61+0.15 mm). Within 
each group, a small number of eyes 
with relatively large FAZ diameters 
resulted in the data appearing fairly 
skewed. Natural logarithms of FAZ 
diameters helped to normalize the 
data, and these logs were used for the 
analyses. Figures 1 and 2 represent 
histograms that show the distribution 
of FAZ diameters within each group. 

The mean FAZ diameters for the 
patients with sickle cell disease and 
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Fig 1.—Histogram showing frequency distribution of foveal avascular zone (FAZ) diameters in 


the group with sickle cell disease. 


control subjects differed significantly 
(P<.00001). To determine whether the 
difference between the FAZ diameters 
in patients with sickle cell disease and 
control subjects was merely due to the 
differential distribution of blacks and 
whites in the two groups, three ana- 
lyses were carried out. First, we com- 
pared FAZ diameters between blacks 
and whites in the control group, and 
we found no significant difference 
(P=.11). Second, we compared FAZ 
diameters between blacks with sickle 
cell disease and blacks without sickle 
cell disease. The nine eyes of the 
blacks without sickle cell disease had 
a mean (+SD) FAZ diameter of 
0.69 2- 0.21 mm, which was significant- 
ly smaller than the 1.00 mm mean FAZ 
diameter of the 51 eyes of the black 
patients in the sickle cell disease group 
(P=.0002). Finally, evaluation of a 
model for all 111 eyes that contained 
an indicator of group (sickle cell dis- 
ease or control) and race (black or 
white) showed that while the group 
variable remained highly significant, 
the race variable was not significant, 
further confirming the lack of effect 
race has on FAZ diameter. 

To assure that this difference be- 
tween patients with sickle cell disease 


and controls was due to their disease 
status and not to possible disparities 
among age, race, sex, and visual acuity 
in the two groups, these variables 
were added to the model. For purposes 
of analysis, the visual acuity was de- 
fined as good if 20/20 or better (30 eyes 
for the sickle cell disease group and 45 
eyes for the controls) and poor if less 
than 20/20 (21 eyes for the sickle cell 
disease group and 15 eyes for the 
controls). The results are shown in 
Table 1. The only variable other than 
the presence of sickle cell disease that 
appears to be related to FAZ size is 
age. Scatterplots of the mean FAZ 
diameter for each patient by age reveal 
a small positive correlation between 
these two variables. However, even 
having controlled for this relationship, 
sickle cell disease is the variable most 
strongly related to FAZ diameter. 

The relationship of FAZ diameter to 
various patient- and eye-level charac- 
teristics of the 51 eyes in the sickle cell 
disease group is shown in Tables 2 and 
3. A scatterplot of FAZ diameter by 
age for the patients with sickle cell 
disease revealed no discernible pattern 
of correlation, and when age was used 
as a single predictor of FAZ diameter 
for this group, it was not significant 
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Fig 2.—Histogram showing the frequency distribution of foveal avascular zone (FAZ) diame- 


ters in the control group. 


Table 1.—Relationship of Foveal Avascular Zone Diameter to Sickle Cell Disease, Age, 
Race, Sex, and Visual Acuity for 111 Eyes in 86 Patients 


.450 


Sex, M 
Visual acuity, 20/20 or better 


0.038 
—0.037 


0.051 
0.051 .468 


Table 2.—Foveal Avascular Zone (FAZ) Diameters and Patient Characteristics in 38 
Patients With Sickle Cell Disease 


No. of Patients 


Characteristic (No. of Eyes) 


17 (25) 
21 (26) 


Type of sickle cell disease 
SC 12 (14) 


SS 22 (31) 
ST 4 (6) 


(P>.25). Thus, none of these patient 
characteristics (age, sex, type of sickle 
cell disease) or individual eye charac- 
teristies (visual acuity or stage or pres- 
ence of retinopathy) were significantly 
related to FAZ diameter in the sickle 
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Mean (+ SD) FAZ 


Diameter, mm P Value* 


0.96 + 0.26 ) 
1.03 + 0.30 


0.96 + 0.35 
0.98 +0.26 ) 
1.16 + 0.19 


* P values based on results from Rosner's General Linear Model Intraclass Correlation" with the character- 
istic used as the sole independent variable in the model. 





cell disease group. When all of the 


characteristies were put into one mod- : 


el, the model was not significant 
(P=.20), indicating that, as a group, 
these variables are not significantly 
related to FAZ diameter. 


COMMENT 


This study had three essential find- 
ings. The first was that the diameter of 
the FAZ in patients with sickle cell 
disease is significantly larger than that 
of similar eyes from patients without 
sickle cell disease. Second, within the 
group with sickle cell disease, the type 
of hemoglobinopathy and severity of 
the sickling retinopathy do not corre- 
late with the FAZ diameter. Third, the 
visual acuity of the patients in the 
sickle cell disease group was unrelated 
to FAZ size. 

Although much attention has been 
placed on the more common peripheral 
proliferative changes that occur with 
sickle cell disease, an ischemic maculo- 
pathy occurs in up to 20% to 30% of 
patients with sickle cell disease."*’ In 
addition, the retinal vasculature of the 
posterior pole may undergo remodel- 
ing over months, causing the FAZ to 
change its shape and size.’ Theoretical- 
ly, sickled cells can undergo sludging 
in the fine capillaries, causing arterio- 
lar micro-occlusions or abnormal venu- 
lar loops. These micro-occlusions, par- 
ticularly those involving the end 
arterioles surrounding the foveola, can 
increase the capillary-free area there- 
by enlarging the FAZ. The finding in 
diabeties that the size of the FAZ 
strongly correlates with the severity of 
posterior retinal capillary nonperfusion 
further supports this theory." 

The FAZ has been noted to have an 
abnormal shape and size in patients 
with sickle cell disease. Stevens et al 
documented pathologic avascular zones 
and changes in the normal architecture 
of both the FAZ and the surrounding 
capillary bed that could only be seen 
by fluorescein angiography. A study of 
10 patients with sickle cell disease 
showed an enlargement of the FAZ 
diameter compared with normal con- 
trols." A more recent study showed an 
increase in the FAZ by measuring its 
area when compared with controls.” 

The results of this study confirm 
these previous findings of enlarged 
FAZ dimensions in patients with sickle 
cell disease. However, although quali- 
tatively, the FAZ in both groups 
showed a uniform shape, an irregularly 
shaped FAZ can be seen, particularly 
in patients with sickle cell disease. By 
measuring the longest diameter, to 
some degree, one can take into account 
these irregularities in shape. A study 
comparing the FAZ dimensions in dia- 
betic patients with the FAZ dimen- 
sions in normal controls found that the 
results were statistically significant for 
longest diameter, mean diameter, and 
circumference, but not for area or per- 
pendicular diameter.” 
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Table 3.—Foveal Avascular Zone (FAZ) Diameters and Eye Characteristics in 51 Eyes 
of Patients With Sickle Cell Disease 


Characteristic 


Retinopathy (stage) 
O (no disease) 


No. of Eyes 


1-4 (disease) 


Visual acuity 
20/20 or better 


Worse than 20/20 


Diameter, mm 


Mean FAZ 
P Value* 





* P values based on results from Rosner's General Linear Model Intraclass Correlation" with the character- 


istic used as the sole independent variable in the model. 


tP value for absence vs presence of retinopathy. 


The FAZ diameter of normal eyes 
ranges from 0.4 to 0.6 mm, with con- 
siderable individual variation." Mea- 
surement of the FAZ using retinal 
trypsin-digest from nondiabetic sub- 
jects had an average longest diameter 
of 0.65 mm, with considerable varia- 
tion.” Lower values for FAZ diame- 
ters in normal patients are reported 
using entoptic techniques.” This same 
variation is also seen in the control 
group of this study with some values 
as high as 1.00 mm. Using fluorescein 
angiography, Laatikainen and Larin- 
kari" found that the capillary-free zone 
of the fovea in 167 eyes had a mean 
diameter of 0.53 mm in patients youn- 
ger than 39 years and a statistically 
different diameter of 0.61 mm in pa- 
tients older than 39 years. The correla- 
tion of FAZ enlargement with increas- 
ing age is also seen in this study when 
both groups are combined, although 
the correlation is not as strong as the 
Laatikainen and  Larinkari study. 
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Within each individual group there is 
no significant correlation between 
FAZ diameter and age. This probably 
reflects the small numbers in each 
group (ie, age might have had a statis- 
tical significance if n=111 instead of 
n=60). 

Within the sickle cell disease group, 
there was no correlation between the 
type of sickle cell hemoglobinopathy or 
severity of sickle cell retinopathy and 
FAZ diameter. Condon et al^ found 
less capillary abnormalities in the peri- 
macular region of patients with sickle 
cell disease with a-thalassemia vs 
those without a-thalassemia, but there 
was no significant difference in the size 
of the FAZ between the two geno- 
types. A more recent study of 20 pa- 
tients with sickle cell disease found no 
correlation between FAZ size and de- 
gree of retinopathy or sickle cell type.” 
A similar study in diabetics showed 
that although the FAZ size correlated 
with severity of retinal capillary non- 
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The Representation of the Visual 
Field in Human Striate Cortex 


A Revision of the Classic Holmes Map 


Jonathan C. Horton, MD, PhD, William F. Hoyt, MD 


e We have tested the accuracy of Gor- 
don Holmes' retinotopic map of human 
striate cortex by correlating magnetic 
resonance scans with homonymous field 
defects in patients with clearly defined 
occipital lobe lesions. Our findings indi- 
cate that Holmes underestimated the cor- 
tical magnification of central vision. In a 
revised map of the human striate cortex, 
we expand the area subserving central 
vision and reduce the area devoted to 
peripheral vision. These changes bring 
the map of human striate cortex into 
agreement with data reported for closely 
related nonhuman primate species. 

(Arch Ophthalmol. 1991;109:816-824) 


he representation of the visual field 
in the human striate cortex was 

originally studied by Inouye,' an oph- 
thalmologist who treated wounded 
survivors of the 1904-1905 Russo-Japa- 
nese War." He correlated visual field 
deficits with the trajectory of missiles 
penetrating the occiput to construct 
the first retinotopic map of the striate 
cortex. A decade later, Holmes and 
Lister' examined soldiers injured in 
World War I and confirmed the essen- 
tial features of Inouyes map." The 
familiar Holmes map (Fig 1) has been 
widely reproduced in textbooks and 
still provides the most detailed source 
of primary data concerning the repre- 
sentation of the visual field in the 
human striate cortex." 
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The Holmes map depicts an orderly, 
topographic representation of the con- 
tralateral hemifield of vision in the 
striate cortex. The vertical meridian is 
represented along the perimeter of the 
striate cortex. The representation of 
the horizontal meridian runs along the 
base of the calcarine fissure. The mac- 
ula occupies the occipital pole, while 
the periphery of the visual field is 
mapped anteriorly. Both Inouye and 
Holmes realized that the central reti- 
na, more densely cellular and special- 
ized for best visual acuity, has a rela- 
tively expanded representation in the 
striate cortex. Using a planimeter, we 
have examined the maps of the striate 
cortex published by Inouye and 
Holmes to calculate the area appor- 
tioned to central vision. Our analysis 
indicates that both investigators as- 
signed 25% of the surface area of stri- 
ate cortex to the central 15° of vision. 

After the introduction of computed 
tomography, the accuracy of the 
Holmes map was confirmed by clinico- 
radiologic correlation. In a series of 
pioneering studies, occipital lesions 
were localized by computed tomogra- 
phy in patients with visual field defi- 
cits." A good match was reported be- 
tween the neuroradiological findings 
and the location of lesions predicted by 
the Holmes map. However, these ear- 
ly studies were limited by the rather 
poor resolution of early computed 
tomography. 

The striate cortex has been carefully 
mapped using modern electrophysio- 
logic methods in a number of Old 
World primate genera: Papio, Cerco- 
pithecus, and Macaca."" 'These re- 


ports have shown that central vision 
occupies an enormous fraction of the 
striate cortex in Old World primates. 
For example, in macaque monkeys, 
the central 15? of vision fills about 70% 
of the total surface area of the striate 
cortex. ^^ This figure far exceeds the 
proportion (2596) allotted by Holmes 
and Inouye to the central 15? in human 
striate cortex. 

The discrepancy between the human 
and monkey data suggests either that 
the Holmes map requires modification 
or that human visual cortex is funda- 
mentally different from monkey visual 
cortex in terms of the percentage of 
striate cortex devoted to central vi- 
sion. Over the past year, we have 
correlated magnetic resonance images 
with visual field deficits in our patients 
with occipital lobe lesions to help us 
decide between these two alternatives. 
In this report, three typical cases are 
analyzed in detail to illustrate the clini- 
cal evidence we have collected to sup- 
port amendment of the Holmes map. 


REPORT OF CASES 


CASE 1.— A 30-year-old woman from In- 
dia reported several brief episodes of flash- 
ing, colored lights in her right upper quad- 
rant of vision. The visual acuity in each eye 
was 20/20 without correction. She denied a 
visual field deficit, but testing at the tan- 
gent screen showed a zonal scotoma in the 
right upper quadrant from 6? to 18? (Fig 2, 
inset) In the right eye the scotoma was 
contiguous with the blind spot. Within the 
seotoma, the patient could not see a 15-mm 
or 30-mm white disk at a distance of 2 m, 
except along a fringe near the vertical 
meridian. In this relative portion of the 
scotoma, she could detect a 15-mm white 
disk but not a 5-mm white pin. The visual 
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field defect was also documented by map- 
ping thresholds from 0° to 60° with a Hum- 
phrey Field Analyzer (Allergan-Humphrey 
Instruments, San Leandro, Calif) (Fig 2). 

A T,-weighted magnetic resonance scan 
showed a sharply delineated lesion in the 
left occipital lobe, abutting the tentorium 
(Fig 3). The relationship of the lesion to the 
approximate boundaries of the striate cor- 
tex is shown schematically (Fig 3, right). 
The patient's occipital lobe measured 56 mm 
from the occipital pole to the confluence of 
the calearine and parieto-occipital sulci 
(where the striate cortex ends rostrally). 
The lesion began 22 mm from the occipital 
pole and extended anteriorly for 14 mm. 

At craniotomy, a nodule filled with puru- 
lent material was excised. Specimens for 
bacteria, fungus, and mycobacteria were 
negative. Microscopic examination showed 
a necrotizing granuloma consistent with a 
presumed tuberculoma. The patient is im- 
proving on a regimen of isoniazid, rifampin, 
and ethambutol. 

CASE 2.—A 28-year-old woman recount- 
ed a history of migraine that began when 
she was a high school student. Typical 
attacks started with shimmering silver lines 
in the left visual field, followed by a left 
homonymous hemianopia, headache, and 
nausea. A computed tomographic scan was 
obtained when the left homonymous hem- 
ianopia persisted after an unusually severe 
migraine attack. It revealed a right occipi- 
tal lobe arteriovenous malformation that 
was confirmed by cerebral arteriography. 

When the patient was examined 5 months 
later, the visual acuity was 20/20 in each 
eye. Tangent screen testing at 2 m showed 
a left homonymous heminanopia to 30- and 
5-mm white targets (Fig 4). The field defect 
intersected the upper vertical meridian at 
10°, crossed the horizontal meridian at 15° 
(through the left eye's blind spot) and 
intersected the lower vertical meridian at 
20*. The visual field thresholds were also 
plotted with the Humphrey Field Analyzer 
(Fig 4). 

A magnetic resonance image obtained 
before surgery showed a lesion replacing 
the anterior portion of the right calcarine 
cortex (Fig 5). It began 31 mm from the 
occipital tip and extended rostrally 33 mm 
to terminate at the parieto-occipital sulcus. 
The lesion was excised successfully. 

CASE 3.—A 57-year-old woman awoke 
with a headache and noticed some difficulty 
with her peripheral vision on the left side. 
She gashed the left side of her forehead on 
an open cupboard door while preparing 
breakfast. A week later, after rinsing her 
face in a bathroom sink, she suddenly be- 
came completely blind. She was admitted to 
the hospital where a small island of central 
vision gradually returned over the next few 
days. 

When the patient was examined, the 
visual acuity was 20/20 in each eye without 
correction. The patient was positioned ex- 
actly 57 in from the tangent screen for 
visual field testing. At this distance, 1 in on 
the tangent screen equals 1° of visual field. 
Examination showed bilateral homonymous 
hemianopia with macular sparing in both 
hemifields (Fig 6, inset). A vertical step of 
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Fig 1.—The Holmes’ map (1945) showing the representation of the visual field in the human 
striate cortex (primary visual cortex, V1). The map underestimates the relative magnification of 
central vision. For example, the 30° isoeccentricity contour (arrow) in the Holmes map is 
represented where the 12° isoeccentricity contour is actually located. (From Holmes’.) 


1.5° could be mapped along the upper verti- 
cal meridian and the lower vertical merid- 
ian. The extent of macular sparing varied 
from 0.5? to 4.0°. The I2e and III4e isopters 
were identical when plotted with a Gold- 
mann perimeter (Fig 6). The visual field 
defects in the right eye and left eye were 
congruous. 

A magnetic resonance scan showed bilat- 
eral infarcts involving visual cortex along 
the medial surface of the occipital lobe (Fig 
1). The posterior 10 mm of cortex along the 
interhemispheric fissure appeared spared 
on each side. In addition, the occipital poles 
and opercula were intact bilaterally (Fig 7, 
right). 

The patient was retested 2 months after 
her stroke. Her visual fields were 
unchanged. 


COMMENT 


The visual field deficits in our pa- 
tients are incompatible with the 
Holmes map of the striate cortex.' 
According to his map, in the first pa- 
tient the tuberculoma should have 
caused a scotoma between 20° and 40°, 
centered at an eccentricity of about 30° 
(Fig 1, arrow). In fact, the patient's 
scotoma was smaller and closer to fixa- 


tion: it extended from 6? to 18? and was 
centered at an eccentricity of 12°. In 
the second patient, the Holmes map 
predicts a field cut between 40° and 
907. However, visual field testing 
showed a scotoma that approached 
within about 15° of fixation. Finally, in 
the third patient, the cortical infarcts 
should have resulted in sparing of the 
central 15° of vision in each hemifield 
according to Holmes. Instead, we 
found bilateral macular sparing that 
reached a maximum of only 4°. 

In all three patients, the Holmes 
map correlates poorly with the actual 
location of the lesion imaged by mag- 
netic resonance, even if one allows for 
natural variation in the exact dimen- 
sions and location of the striate cortex 
that occurs from patient to patient. 
Collectively these cases demonstrate 
that central vision occupies a greater 
proportion of the human striate cortex 
than Holmes portrayed in his retinoto- 
pie map. In 1952, Spalding" published 
a revision of the Holmes map based on 
clinieal findings in wounded veterans 
of World War II. Although the Spal- 
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Fig 2.—Merged 30-2 and 60-2 full-threshold visual field tests performed by patient 1 using a Humphrey Field Analyzer. A 
homonymous, congruous scotoma was present in the right upper quadrant using a 0.43° test spot against a background 
illumination of 31.5 apostilbs. Within the scotoma, thresholds for detection of the test spot were greater than 10 000 
apostilbs. Elsewhere in the visual field the thresholds were normal. Inset, Visual fields of patient 1 are mapped at the tangent 
screen. The scotoma extended from 6° to 18°. 5/2000W indicates 5-mm white pin at 2000 mm; 15:30/2000W, 15- or 30-mm 
white disk at 2000 mm. 


Fig 3.— Parasagittal magnetic resonance image of the left occipital lobe in patient 1. The lesion in the visual cortex 
produced the visual field defect shown in Fig 2. Scale = 5 cm. Right, Note location of the lesion (cross-hatched area) relative 
to the likely extent of striate cortex (stippled area). The striate cortex exposed on the lateral surface of the hemisphere is not 
seen in this sagittal view. The calcarine sulcus (solid arrow) and the parieto-occipital sulcus (open arrow) are marked by 
dots. These sulci were better visualized on parasagittal images closer to midline. 
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Fig 4.—Full-threshold 60° visual fields in patient 2 mapped using a Humphrey Field Analyzer. The central 15° of the left 
hemifield were intact. The visual field of the left eye was tested with the blind spot monitor off (otherwise the instrument 
attempts futilely to plot the blind spot). Inset, Tangent screen plot of visual fields shows that the field defect actually bisects 
the blind spot representation of the left eye. 30:15/2000W indicates 15- or 30-mm white disk at 2000 mm. 





Fig 5.—T,-weighted parasagittal magnetic resonance image through the right occipital lobe in 
patient 2 shows the arteriovenous malformation responsible for the visual field defect illustrated 
in Fig 4. The posterior margin of the lesion is-situated 31 mm from the occipital tip, marking the 
approximate location of the representation of the left eye's blind spot (eccentricity = 15°). The 
calcarine (curved arrow) and parieto-occipital (straight arrow) sulci are indicated. Scale = 5 cm. 
(From Holmes.^) 
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ding map assigns slightly more cortex 
to central vision than the Holmes map, 
it still fails to allocate sufficient cortex 
to the representation of central vision. 

Daniel and Whitteridge" published 
the first complete map of macaque 
striate cortex based on microelectrode 
recordings. They invented the term 
linear magnification factor to refer to 
the millimeters of cortex representing 
1° of visual field at any given eccentric- 
ity. Their data showed a ratio of more 
than 40:1 in linear magnification factor 
between the fovea (0° eccentricity) and 
periphery (60° eccentricity). The areal 
magnification factor — millimeters 
squared of cortex/degree squared—has 
a ratio of more than 1000:1 between 
the fovea and 60°. Van Essen and 
colleagues’ have also studied the rep- 
resentation of the visual field in the 
macaque striate cortex. Their map is in 
close agreement with the findings re- 
ported by Daniel and Whitteridge. Be- 
tween 55% and 60% of the surface area 
of the striate cortex is occupied by the 
representation of the central 10° of 
vision. 

A Revised Map of the 
Human Striate Cortex 


The findings in our patients suggest 
that the relative magnification of cen- 
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Fig 6.— Visual fields of patient 3 plotted using a Goldmann perimeter show bilateral homonymous hemianopia with bilateral 
macular sparing. In the right hemifield, the macular sparing is slightly greater. Because the visual field defects (right and left 
eyes) were perfectly congruous, they are drawn on a single field chart. Inset, Magnified plot of residual visual fields of patient 
3 tested at the tangent screen (note scale marker). The steps across the upper vertical meridian and the lower vertical 
meridian each measured 1.5°. Macular sparing ranged between 0.5* and 4°. 


tral vision in the human striate cortex 
agrees more closely with the laborato- 
ry data obtained from macaque mon- 
keys than with the clinical data report- 
ed originally by Inouye and Holmes. A 
revision of the Holmes map, scaled to 
the cortical magnification found in the 
macaque striate cortex," is presented 
in Fig 8. The foveal representation is 
located at the occipital pole, where the 
striate cortex usually extends about 1 
em onto the lateral convexity of the 
occipital lobe (operculum) The ex- 
treme periphery of the visual field is 
represented anteriorly, at the junction 
of the calearine and parieto-occipital 
fissures. Only a small portion of the 
striate cortex, containing the repre- 
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sentation of the vertical meridian, is 
exposed on the medial surface of the 
occipital lobe (Fig 8, top right). Most of 
the striate cortex is actually buried 
within the depth of the calcarine fis- 
sure (Fig 8, top left), making it diffi- 
cult to depict the coordinates of the 
map directly on the cortical surface. A 
better view of the visual field map can 
be obtained by schematically unfolding 
and flattening the visual cortex to arti- 
ficially create a planar surface (Fig 8, 
bottom left) The striate cortex con- 
tains a topographic but highly distort- 
ed representation of the contralateral 
hemifield of vision (Fig 8, bottom 
right). 

In artificially flattened maps of ma- 


caque monkey visual cortex, the stri- 
ate cortex appears as an ellipse ap- 
proximately twice as long as wide." 
The average surface area of macaque 
striate cortex is 1200 mm’. ” Estimates 
of the total surface area of human 
striate cortex range considerably, re- 
fleeting natural variation from speci- 
men to specimen and technical differ- 
ences from laboratory to laboratory. 
The most detailed study reports a 
mean area of 2134 mm’ in formalde- 
hyde solution-fixed brains." Allowing 
about 15% for shrinkage caused by 
fixation, the average human striate 
cortex measures about 2500 mm’. As- 
suming that the configurations of hu- 
man and macaque striate cortex are 
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Fig 7.— Axial proton density-weighted magnetic resonance image through the occipital lobes in patient 3 shows bright 
signal in the calcarine cortex along the interhemispheric fissure that represents a recent infarct. Scale — 5 cm. R indicates 
right; P, posterior. Right, Note location of lesions (cross-hatched areas) and approximate location of striate cortex (stippled 
areas). Intact striate cortex is indicated by the dashed occipital lobe border. In the left occipital lobe, about 2 cm of the striate 
cortex was preserved posteriorly, accounting for 2.5? of macular sparing in the right visual hemifield. 


similar, the human striate cortex is 
shaped like an ellipse measuring about 
80 x 40 mm (Fig 8, bottom left). 

Our revised map (Fig 8) can be used 
to localize more accurately a lesion in 
the striate cortex that creates a deficit 
in the visual field. Conversely, from a 
magnetic resonance image of sufficient 
resolution, the coordinates of a scoto- 
ma produced by a lesion in the striate 
cortex can be predicted. 

Figure 9, top, shows the lesion in 
our first patient, inferred by plotting 
the visual field deficit (Fig 2) on the 
map of the human striate cortex (Fig 
8, bottom left). The lesion involves 378 
mm’ of tissue, or about 15% of the 
mean surface area of the striate cor- 
tex. This figure was determined by 
measuring directly the shaded area in 
Fig 9, top, with the aid of a planime- 
ter The match between the dimen- 
sions and location of the lesion derived 
from the cortical map (Fig 9, top) and 
the actual dimensions and location im- 
aged by magnetic resonance (Fig 3) is 
excellent. 

The right visual field deficit in our 
third patient is plotted in Fig 9, cen- 
ter. Planimetric analysis indicates that 
564 mm' of tissue in the left striate 
cortex remained intact after the 
stroke, corresponding to 22% of the 
mean striate surface area. The mag- 
netic resonance data also fits the corti- 
cal map well. The patient’s scan (Fig 7) 
shows sparing of 1 cm of the striate 
cortex at the posterior end of the cal- 
carine fissure and sparing of another 1 
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cm of the striate cortex on the exposed 
opereulum. This magnetie resonance 
image provides the first illustration of 
the neuroradiologic findings in a pa- 
tient with macular sparing. 


Macular Sparing 


This latter case helps to dispel some 
of the mystery surrounding the age-old 
problem of macular sparing. Inouye 
discovered macular sparing in some of 
his wounded soldiers. Therefore, in his 
map he included a small representation 
of the ipsilateral macula in each occipi- 
tal lobe.’ Although Holmes’ dropped 
this feature from his map (Fig 1), 
bilateral representation of the macula 
is frequently invoked to explain macu- 
lar sparing. According to this notion, 
macular vision may be preserved after 
complete destruction or removal of one 
oecipital lobe because the macula is 
dually represented in the fellow occipi- 
tal lobe. This explanation is obviously 
untenable in our second patient, who 
suffered bilateral occipital infarcts. 
Moreover, experiments in the ma- 
caque monkey have unequivocally 
ruled out any substantial bilateral rep- 
resentation of the macula in the striate 
cortex." ^" Dow et al" report that in 
the foveal representation, no striate 
receptive field centers are found more 
than 5 minutes (1/12 of 1?) into the 
ipsilateral visual field. 

A nasotemporal overlap across the 
vertical midline about 1° wide in the 
central retina occurs in ganglion cell 
projections to the brain." This imper- 


fect decussation has been advanced by 
some authors as an explanation for 
macular sparing.” If correct, macular 
sparing should also occur after lesions 
of the optic chiasm or optic tract. How- 
ever, in the experience of most clini- 
clans, macular sparing is a cortical 
phenomenon. Moreover, this theory 
could account at best for only 1° to 2° of 
macular sparing. In practice, macular 
sparing often extends well beyond an 
eccentricity of 2°. 

The extremely high cortical magnifi- 
cation of the macula provides the key 
to understanding the phenomenon of 
macular sparing. In most patients, the 
vascular supply to the striate cortex is 
provided entirely by branches of the 
posterior cerebral artery. Therefore, a 
macula-splitting hemianopia ensues af- 
ter infarction of the posterior cerebral 
artery. However, in a considerable mi- 
nority of patients, the occipital pole 
straddles the vascular territories of 
the posterior cerebral artery and the 
middle cerebral artery.” In these pa- 
tients, the occipital pole remains intact 
after posterior cerebral artery infarc- 
tion due to perfusion by the middle 
cerebral artery. Because the represen- 
tation of the central visual field is so 
magnified in the caudal half of the 
striate cortex, preservation of any por- 
tion of this region after posterior cere- 
bral artery occlusion will spare cortex 
devoted exclusively to macular vision 
(Fig 8, bottom left) Relatively large 
variations in the amount of surviving 
cortex from patient to patient will 
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Fig 8.—Revised map of the representation of the visual field in the human striate cortex. It is important to emphasize that 
considerable variation occurs among individuals in the exact size and location of striate cortex. This new map provides the 
best fit for our data. Top left, Note view of the left occipital lobe with the calcarine fissure opened, exposing the striate cortex. 
Dashed lines indicate the coordinates of the visual field map. The representation of the horizontal meridian runs 
approximately along the base of the calcarine fissure. The vertical lines mark the isoeccentricity contours from 2.5° to 40°. 
The striate cortex wraps around the occipital pole to extend about 1 cm onto the lateral convexity, where the fovea is 
represented. Top right, Note view of the left occipital lobe showing the striate cortex, which is mostly hidden within the 
calcarine fissure (running between arrows). The boundary (dashed line) between the striate cortex (V1) and extrastriate 
cortex (V2) contains the representation of the vertical meridian. It is usually located along the exposed medial surface of the 
occipital lobe as shown, but variation occurs in specimens. Bottom left, Schematic map shows the projection of the right 
visual hemifield (bottom right) on the left visual cortex, by transposing the map illustrated in the top left onto a flat surface. 
The striate cortex is an ellipse about 80 x 40 mm, measuring roughly 2500 mm* (40 mm x 20 mm x « = 2500 mm’). The row 
of dots indicates where the striate cortex folds around the occipita! pole: the small region between the dots and the foveal 
representation is situated on the exposed lateral convexity of the occipital lobe. The black oval marks the region of the striate 
cortex corresponding to the visual field coordinates of the contralateral eye's blind spot. This region of cortex receives visual 
input only from the ipsilateral eye. HM indicates horizontal meridian. Bottom right, Right visual hemifield (of one of us 
[J.C.H.]) shows the V4e isopter plotted with a Goldmann perimeter (by W.F.H.). The stippled region corresponds to the 
monocular temporal crescent that is mapped within the most anterior 8% to 10% of the striate cortex (see stippled region of 
map in bottom left). 
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Fig 9.— Top, The tuberculoma in patient 1 (Fig 3) diagrammed on the cortical map is located 
more anteriorly than predicted by the Holmes map. Note that the lesion must cross the V1/V2 
frontier because the patients scotoma bordered the vertical meridian. Center, Diagram of right 
visual field defect in patient 3 is plotted on the map of the left visual cortex (shaded region 
indicates infarcted cortex). Macular sparing reached 2° along the upper vertical meridian, 2.5? 
along the horizontal meridian, and 4° along the lower vertical meridian (see Fig 6, inset). The 
amount of intact cortex is considerably greater than the Holmes map indicates. Bottom, The 
integrity of most of the striate cortex (shaded area) is tested by examining only the central 30° of 
vision, because the representation of central vision is so highly magnified. 
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manifest clinically as modest differ- 
ences in the precise number of degrees 
of macular sparing. 

Our revision of the Holmes map also 
helps to explain why the pattern-shift 
visual evoked potential is essentially a 
funetion of macular vision. According 
to Yiannikas and Walsh,” the central 
8° generates more than 60% of the 
amplitude of the evoked potential 
waveform (P100). This finding has puz- 
zled clinical electrophysiologists famil- 
iar with the Holmes map. In practice, 
the actual magnitude of the visual 
evoked potential depends on many fac- 
tors, including the surface area of the 
cortex stimulated and its orientation 
with respect to the recording elec- 
trodes. Our map is in good accord, at 
least qualitatively, with the observa- 
tion that stimulating beyond the cen- 
tral 10° or 15° of visual field contrib- 
utes little to the amplitude of the 
visual evoked potential. 

Our modification of the Holmes map 
has implications for computerized visu- 
al field testing. The acquisition of 
threshold data using these automated 
instruments is so time-consuming that 
testing is often restricted to the cen- 
tral 24° or 30° of vision. Failure to test 
the visual field beyond 30? raises the 
worry that some cortical lesions may 
escape detection. Fortunately, the 
high magnification of central vision 
mitigates this danger. For example, a 
30° visual field examination actually 
tests the function of 83% of the striate 
cortex (Fig 9, bottom). A mere 24° 
field examination (which approaches 
30° in the nasal hemifield when per- 
formed using a Humphrey Field Ana- 
lyzer) covers 80% of the cortical sur- 
face area. 

Our amended map is also consistent 
with the paucity of reported cases de- 
scribing visual field deficits confined 
entirely to the monocular temporal 
crescent. The temporal crescent is rep- 
resented at the rostral end of the stri- 
ate cortex. It lacks ocular dominance 
columns because input is received only 
from the contralateral eye.” In human 
striate cortex this region has been 
identified and measured directly.” It 
constitutes less than 10% of the total 
surface area of the striate cortex. The 
temporal crescent representation is 
compressed into a much smaller area of 
the striate cortex than Holmes appre- 
ciated (compare Figs 1 and 8). The 
areas devoted to the representation of 
the central 1° of vision and the entire 
temporal crescent are roughly equal in 
the human striate cortex. This ex- 
plains why visual field deficits of corti- 
cal origin limited strictly to the tempo- 
ral crescent are so rare. Few lesions 
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are likely to fall precisely within the 
diminutive confines of the temporal 
crescent representation in the striate 
cortex. Most lesions involving the tem- 
poral crescent representation will also 
involve the optic radiations or periph- 
eral binocular cortex, thereby result- 
ing in bigger field defects. 


Human Cortical Magnification Factor 


The linear magnification factor 
(Minea) in the striate cortex is inversely 
proportional to eccentricity (E).” 
There is no universal agreement on the 
correct equation for linear magnifica- 
tion factor (millimeters of cortex/de- 
gree of visual field) in macaque striate 
cortex. The following expression is a 
reasonable approximation, based on 
published formulas 577: 


12 


E +0.75, 

where E is eccentricity in degrees. 
This equation applies to the macaque 
striate cortex, which has a mean sur- 
face area of 1200 mm. " The human 
striate cortex averages 2500 mm’, 
greater in area by a factor of 2.08. 

If our revision of the Holmes map is 
correct, the magnification formula for 
the macaque striate cortex can be 
adapted to the dimensions of the hu- 
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man striate cortex. A correction factor 
of 1.44 (2.08) must be incorporated in 
the expression for linear cortical mag- 
nifieation factor in the human striate 
cortex: 


17.3 
E +0.75. 

This formula gives a value for linear 
cortical magnification of 9.9 mm/de- 
gree at 1° eccentricity, 3.0 mm/degree 
at 5°, and 1.6 mm/degree at 10°. These 
figures are in good agreement with 
estimates of the human cortical magni- 
fication factor obtained by positron 
emission tomography” and by mapping 
phosphenes evoked by direct electrical 
stimulation. ”” 

If we assume that human linear cor- 
tical magnification is isotropic (see 
Tootell et al" for a detailed discussion 
of this issue), the above formula can be 
squared to yield an expression for are- 
al cortical magnification factor (milli- 
meters squared/degree squared): 


Human: M,,,.,, =300/(E + 0.75)’. 


Integration of this formula over the 
visual field coordinates of any scotoma 
will provide the size in millimeters 
squared of the corresponding cortical 
lesion. In practice, it is easier to obtain 
this information by referring directly 


Human: Minea = 
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to the map shown in Fig 8, bottom left. 

When Inouye and Holmes published 
their original maps, little was known 
about the cortical representation of the 
visual field in nonhuman primate spe- 
cies. When judged in this context, 
their maps were remarkably accurate. 
It would be surprising if their maps, 
based on clinical data collected during 
the early part of this century, did not 
eventually require some modification. 
With the advent of magnetic resonance 
imaging, a technique with sufficient 
resolution is finally available to permit 
direct validation of the Inouye and 
Holmes maps. Our analysis indicates 
that their maps underestimated the 
magnification of central vision in the 
striate cortex. We suggest a revised 
map based on visual field-magnetic 
resonance correlation that brings the 
human map into agreement with pub- 
lished data obtained from laboratory 
investigations in closely related Old 
World primate species. 
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Effect of Contact Lens Removal or 
Displacement on Intraocular Pressure 


Jemshed A. Khan, MD, Charles E. Graham, MD 


e We conducted a controlled, prospec- 
tive study involving 102 healthy volun- 
teers to determine the effects of contact 
lens removal and contact lens displace- 
ment on subsequent intraocular pres- 
sure measurements. Intraocular pres- 
sure was measured at baseline, 
immediately after contact lens removal 
or displacement, and 5 minutes there- 
after. The method of lens removal was 
either sliding displacement (51 eyes) or 
plucking (51 eyes). Right eyes were used 
for the test, and left eyes served as 
controls. Compared with baseline mea- 
surements, mean intraocular pressure 
immediately after plucking the lens was 
0.8 mm Hg lower (P<.01) and after slid- 
ing the lens was 0.5 mm Hg higher 
(P<.05). Intraocular pressure changes of 
4.0 mm Hg or more occurred in eight 
(15.6%) of 51 eyes in the pluck group vs 
four (7.8%) of 51 control eyes and in two 
(3.9%) of 51 eyes in the slide group vs 
zero of 51 control eyes. Compared with 
baseline, significant differences (P<.05) 
were not found 5 minutes later. Clini- 
cians who wish to minimize the influence 
of contact lens removal on tonometry 
readings should wait several minutes af- 
ter contact lens removal before measur- 
ing intraocular pressure. 

(Arch Ophthalmol. 1991;109:825-828) 


A Pbroximately 18.2 million Ameri- 

cans wear contact lenses.’ Soft con- 
tact lenses are commonly removed be- 
fore intraocular pressure measurement 
because their presence can interfere 
with tonometry readings. Contact lens 
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manipulation and removal may tem- 
porarily lower intraocular pressure,” 
thus introducing another source of 
inaccuracy. 

The purpose of our study was to 
determine the magnitude and duration 
of the intraocular pressure change pro- 
duced when lenses were removed by 
plucking or were displaced from the 
cornea by sliding. 


SUBJECTS AND METHODS 


One hundred two adult volunteers with- 
out glaucoma or corneal disease and ranging 
in age from 14 to 91 years were recruited 
from our clinic population for this study. 
Informed consent was obtained from each 
volunteer after the nature and purpose of 
the study were explained. 

Subjects were assigned to a “pluck” 
(group A) or “slide” (group B) group on an 
alternating basis. Right eyes were used for 
the test, and left eyes served as controls. 
One drop of 0.5% proparacaine hydrochlo- 
ride was placed in each eye. The intraocular 
pressure before lens insertion (P,) was mea- 
sured with the portable hand-held electron- 
ic applanation tonometer (Tono-Pen 2, Ocu- 
lab Products, Glendale, Calif) in the right 
and then the left eye. 

A bandage contact lens (Plano Perma- 
lens, CooperVision Inc, San Jose, Calif) 
with a base curve of 9.0 mm and a diameter 
of 15.0 mm was then placed on the right 
cornea, avoiding any digital contact or pres- 
sure to the globe itself. 

After 5 minutes, the lens was removed 
from the right eye by plucking the lens from 
the surface of the cornea, with the investi- 
gator using the thumb and forefinger, or 
was displaced from the right cornea by 
sliding the lens laterally off the cornea and 
onto the bulbar conjunctiva, with the exam- 
iner using the forefinger. The intraocular 
pressure was immediately recorded (P.) 
from the right and then the left eye. For the 
slid contact lens, the examiner’s forefinger 
maintained the contact lens over the bulbar 
conjunctiva with digital pressure during 
this intraocular pressure measurement (P.). 


The lens displaced by sliding was then 
completely removed from the eye. 

Five minutes after lens removal, a final 
pressure reading (P,) was obtained with 
the portable hand-held electronic applana- 
tion tonometer from the right and then the 
left eye. 

We used a single portable hand-held elec- 
tronie applanation tonometer in our study. 
It was calibrated daily according to the 
manufacturer’s instructions. All measure- 
ments were performed by one investigator 
(C.E.G.), who had performed 20 measure- 
ments on nonstudy patients before data 
collection. This instrument records and av- 
erages four measurements and then dis- 
plays the mean and SD on a digital liquid 
crystal display. Because the end point of 
these measurements is not open to interpre- 
tation, “masking” of the investigator is un- 
necessary. Readouts showing less than the 
highest reproducibility, ie, SD greater than 
5%, were discarded, and measurements 
were immediately repeated. 

Sample size estimates for repeated or 
paired comparisons were based on an esti- 
mated population SD of 2.12 mm Hg deter- 
mined in a prior study,” a permissable error 
(E) of 0.6 mm Hg, and a two-tailed z,,, of 
1.96. The following formula was used: 
n -2(Z) (SD) AEy.^* 

Sample size estimates for independent or 
nonpaired comparisons were based on pre- 
viously published tables," an estimated 
population SD of 2.12 mm Hg determined in 
a prior study,” a permissable error (E) of 
1.6 mm Hg, and a z value of 0.05. The 
following formula was used: n=(n,+1) 
x2(SD)/Ey." In addition, n, was also 
determined from previously published ta- 
bles." 

Data were analyzed with the aid of a 
professional statistician by analysis of vari- 
ance for repeated measures with Newman- 
Keuls multiple comparison test. For pur- 
poses of independent comparisons, subjects 
were divided into pluck and slide groups. 
Data derived from the same individual were 
subject to repeated measures analysis. Two 
levels of repeated measures occurred in our 
study: right vs left eye as well as pressure 
measurements in the same eye at baseline 
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(P,) vs at 5 minutes (P, and vs at 10 
minutes (P). 


Table 1.—Mean Intraocular Pressures for Each Group | 


Mean Intraocular Pressure, mm Hg 


——————————————————————————————— 
Group A Group B 





RESULTS 





Table 1 shows the mean intraocular 
pressure as measured before lens in- 









à . : : Control Control 
sertion (P,) : immediately after 5 min- Before lens removal (P,) 14.22 14.35 13.96 13.96 





utes of lens wear (Pj, and 5 minutes 
thereafter (P,) in experimental and 
control eyes in each group. Statistical- 
ly significant differences between P, 
and P, measurements were detected in 
experimental eyes in both groups but Table 2.—Paired Comparisons (Newman-Keuls Multiple Comparison Test) of Initial 
were not present in controls (Table 2). Pressure (Po) vs Pressure Immediately After Lens Removal (P,) and vs Pressure 5 
Immediately after contact lens re- Minutes After Lens Removal (P) : 
moval by the plucking method, we 
detected a statistically significant 


After lens removal (P.) 13.41 14.04 14.47 13.98 
5 min after lens removal (P,,) 






(P<.01) 0.80-mm Hg (SD, 2.0 mm Hg; Pluck 
range, 0 to 5 mm Hg) immediate drop Control 
in intraocular pressure (Table 2, Figs 1 Slide 
and 2). The change in measured intrao- Control 





cular pressure between P, and P, mea- * Values are millimeters of mercury. 
surements was 4 mm Hg or greater in 
eight (15.6%) of 51 eyes (Fig 2). 

Five minutes later (ie, at P,,), no 20 
statistically significant difference 
(P>.05) was detected compared with 
the initial pressure reading, although 
the mean pressure was still reduced 
(0.43 mm Hg) (Table 2, Figs 1 and 3). 

In contrast, after contact lens dis- 
placement by the sliding method, we 
detected a statistically significant 
(P<.05) 0.51-mm Hg (SD, 1.5 mm Hg; 
range, 0 to 6 mm Hg) immediate rise in 
intraocular pressure (Table 2, Figs 1 
and 2) Intraocular pressure was ele- 2 2 
vated 4 mm Hg or more in 3.996 of 1 1 m 
patients (Fig 2). 0 E 

Five minutes later, no statistically 4  -H «A = 


11 
7 7 
| 
Tn i D cd 
significant difference (P>.05) was de- 


tected compared with the initial pres- Pressure Difference, mm Hg 


sure, although the mean pressure was Fig 2.—Frequency distribution histogram of paired (P, vs P.) values for pluck (open bars) and 
still lower (0.23 mm Hg) (Table 2, Figs slide (shaded bars) groups (n= 51 for each group). See text for explanation of groups and P, and 
1 and 3). P. measurements. 

Statistically significant differences 
between P, and P,, were not present in 
slide eyes or controls. No statistically Fig 3.— Frequency distribution histogram of paired (P, vs P,,) values for pluck (open bars) and 
slide (shaded bars) groups (n — 51 for each group). See text for explanation of groups and P, and 
P,, measurements. 
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Fig 1.—Mean change in intraocular pressure 
(IOP) (n=51 for each group). Triangles indi- 20 
cate pluck group; squares, pluck control 
group; open circles, slide group; closed cir- 
cles, slide control group; and asterisk, P<.05. 
See text for explanation of groups and P,, P., 15 
and P,, measurements. 
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. Table 3.—Paired Comparisons (Newman-Keuls Multiple Comparison Test) of P, and P, 
Pluck vs P, and P, Control, Py and P, Slide vs Py and P; Control, and Similar Group 
Comparisons for P, and P,,* 


Pluck vs control 
Slide vs control 
* See Table 1 for explanation of Py, Ps, and Pp. 


Table 4.—Independent Sample Comparisons * 


P, vs 

Pio mm Hg 
Pluck vs slide i ; 0.20 
Control vs controlt : s 0.33 





* See Table 1 for explanation of Po, Ps, and P,o. 
+ Pluck control vs slide control. - 
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Fig 4.—Frequency distribution histogram of paired (P, vs P.) values for pluck control (open 
bars) and slide control (shaded bars) groups (n — 51 for each group). See text for explanation of 
groups and P, and P; measurements. 
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Fig 5.—Frequency distribution histogram of paired (P, and P,,) values for pluck control (open 
bars) and slide control (shaded bars) groups (n — 51 for each group). See text for explanation of 
groups and P, and P,, measurements. 





signifieant differences were detected 
within or between control groups (Ta- 
bles 3 and 4). 


COMMENT 


The Food and Drug Administration 
estimates that 9.1 million Americans 
use daily-wear soft contact lenses and 
that 4.1 million Americans use extend- 
ed-wear soft contact lenses. In an 
informal survey of local Tono-Pen us- 
ers, we discovered that although one 
can measure intraocular pressure 
through a soft contact lens," such 
lenses are customarily removed from 
the eye or slid off the cornea before the 
determination of intraocular pressure. 

We used the Tono-Pen 2 because it 
is widely used by corneal surgeons, the 
end point pressure reading is not sub- 
jective, and it does not stain contact 
lenses. Furthermore, we believe that 
the Tono-Pen 2, because of reduced 
tonometer-to-globe contact time, 
might not cause the direct and consen- 
sual drop in intraocular pressure re- 
ported with prolonged or repeated 
Goldmann tonometry."" Our failure to 
detect significant differences within or 
between control eyes suggests a mini- 
mal effect of Tono-Pen applanation on 
subsequent intraocular pressure mea- 
surements (Tables 2 through 4), ie, we 
found no statistically significant direct 
or consensual effects from three re- 
peated Tono-Pen applanations per- 
formed 5 minutes apart in either group 
of control eyes (Figs 1, 4, and 5). 

The method of contact lens remov- 
al—plucking vs sliding— significantly 
affected subsequent intraocular pres- 
sure measurements (Fig 2). 

The decreased intraocular pressure 
associated with plucking a contact lens 
from the corneal surface is probably 
due in part to the pressure transmitted 
from the examiner’s fingers to the 
globe, which results in displacement of 
aqueous from the eye. This allows the 
intraocular pressure to drop once the 
examiner's finger is no longer pressing 
against the globe and the intraocular 
pressure is measured. This effect prob- 
ably contributed to a 4-mm Hg or 
greater change in measured intraocu- 
lar pressure between P, and P, in eight 
(15.6%) of 51 eyes (Fig 2). 

We believe that the immediate rise 
in intraocular pressure noted with the 
sliding method resulted from pressure 
applied to the contact lens and globe 
by the investigator's finger during the 
Tono-Pen measurement. Such pres- 
sure was necessary to maintain the 
eccentric position of the lens over the 
lateral bulbar conjunctiva while the P, 
Tono-Pen reading was being obtained. 
Once the examiner’s finger was re- 
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moved from the globe, we would have 
expected to find an immediate drop in 
intraocular pressure, had we measured 
it. 

Our results suggest that contact lens 
manipulation by sliding or plucking 
causes an immediate and statistically 
significant (P<.05) change in intraocu- 
lar pressure (Figs 1 and 2). This 
change is 4 mm Hg or greater in up to 
15.6% of eyes, depending on the meth- 
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lens wearers. Contact Lens Spectrum. 1987;2:89- 


2. Khan JA, LaGreca BA. Tono-Pen estimation 
of intraocular pressure through bandage contact 
lenses. Am J Ophthalmol. 1989;108:422-425. 

3. Bahn AK. Basic Medical Statistics. New 
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4, Snedacor GW, Cochran WG. Statistical Meth- 
ods. 6th ed. Iowa City, Iowa: Iowa State Press; 
1967:111-114, 221-223. 
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A look at the past... 


od of lens removal. Five minutes after 
lens removal, however, the change in 
intraocular pressure was not statisti- 
cally significant (Figs 1 and 3) and was 
within 4 mm Hg of baseline intraocular 
pressure in 100 (98.0%) of 102 experi- 
mental eyes, ie, pluck and slide eyes, 
and 101 (99.0%) of 102 control eyes 
(Figs 2 and 8). 

Clinicians who wish to minimize the 
influence of contact lens removal on 
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The object of this paper is to call attention to Professor Gonin’s method of treatment 
for detachments of the retina. For years, Gonin, Hanssen and Vogt have contended that 
a solution of continuity of the retina plays an important role in its separation from the 
choroid. The therapeutic implication of this view led Professor Gonin to try to occlude the 
retinal tear by the use of the thermocautery. Having heard of his surprisingly good re- 
sults, I decided to visit him at his Lausanne clinic. There he gave me the opportunity of 
familiarizing myself with the details of his technic. 


As of any other operation, the success of the Gonin method depends on three factors: 
(1) the selection of suitable cases, (2) the accuracy of the technic and (3) the cooperation 


of the patient. 


SOURCE: Schoenberg MJ. The Gonin operation for detachment of the retina. 


Arch Ophthalmol. 1930;3:684. 
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Description of X-Linked Megalocornea 
With Identifieation of the Gene Locus 


David A. Mackey, MB BS; Robert G. Buttery, MB BS; Gordon M. Wise, FRACS, FRACO; Michael J. Denton, MB ChB, PhD 


e We studied the clinical appearance 
and inheritance in five families with 
X-linked megalocornea. Affected male 
subjects had corneal diameters between 
13.0 and 16.5 mm. Arcus juvenilis, mosa- 
ic corneal dystrophy, and cataracts were 
found only in adult affected male sub- 
jects. No carrier female abnormality 
was identified. The gene locus for 
the X-linked form is in the region 
Xqi2-q26. This is near the locus de- 
scribed for Aarskog (facial-digital-geni- 
tal) syndrome, Xq12-13. 

(Arch Ophthalmol. 1991;109:829-833) 


nes, a rare congenital 
condition, is characterized by bi- 
lateral symmetric corneal enlarge- 
ment. Megalocornea is most frequently 
inherited as an X-linked recessive con- 
dition, but autosomal dominant and 
autosomal recessive pedigrees have 
also been described. The horizontal 
corneal diameter is greater than 12.5 
mm. The central corneal topography is 
normal, with corneal enlargement oc- 
curring at the limbus.” Endothelial 
specular microscopy has shown normal 
endothelial cell densities and morpho- 
logic characteristics.’ Although the 
cornea is usually clear, arcus juvenilis 
and mosaic corneal dystrophy have 
been described in adults." The anteri- 


Accepted for publication December 11, 1990. 


From the Royal Victorian Eye and Ear Hospi- 
tal, Melbourne, Australia (Dr Mackey); Lions 
Eye Diagnostic Centre, Hobart, Australia (Drs 
Buttery and Wise); and Division of Pathology, 
Prince of Wales Hospital, Sydney, Australia (Dr 
Denton). 

Reprint requests to Royal Victorian Eye and 
Ear Hospital, 32 Gisborne St, East Melbourne, 
Victoria 3002, Australia (Dr Mackey). 


Arch Ophthalmol — Vol 109, June 1991 


or chamber depth is greater than nor- 
mal, hence, the alternate name anteri- 
or megalophthalmos.' 

Megalocornea is distinct from kera- 
toconus and keratoglobus, which are 
progressive corneal dystrophies in 
which the corneal topography is irreg- 
ular with astigmatism. The relation- 
ship between congenital glaucoma and 
megalocornea is disputed. It has been 
suggested that megalocornea is a 
forme fruste of buphthalmos.** How- 
ever, megalocornea occurs without evi- 
dence of elevated intraocular pressure, 
Descemets membrane ruptures, or 
cupping of the optic nerve head. Endo- 
thelial specular microscopy of buph- 
thalmos shows a decrease in endotheli- 
al cell densities consistent with corneal 
distention, while megalocornea has 
normal densities and an increased total 
number of endothelial cells.* Axial 
length is greater in buphthalmos than 
in megalocornea."" Congenital glauco- 
ma and megalocornea have been de- 
scribed within the same family, ™™ but 
none of these pedigrees was typical of 
X-linked inheritance. Hereditary con- 
genital glaucoma is usually autosomal 
recessive.” 

The angle may show prominent 
iris processes and increased trabecu- 
lar meshwork pigmentation. Kruken- 
berg’s spindle, iris stromal hypoplasia, 
iridodonesis, and miosis may also oc- 
eur Cataract, usually posterior sub- 
capsular, develops in most patients.’ 
Myopia and astigmatism, according to 
the rule, have also been associated 
with some cases.’ 

Megalocornea is usually an iso- 
lated finding, but there have been 


case reports of other associated con- 
ditions, which include ichthyosis,” 
poikiloderma congenitale," Down syn- 
drome," mental retardation," dwarf- 
ism," Marfan syndrome," craniosten- 
osis," oxycephaly," progressive fa- 
cial hemiatrophy,” osteogenesis imper- 
fecta," multiple skeletal abnormal- 
ities," nonketotie hyperglycinemia," 
and tuberous sclerosis." None of these 
have been with an X-linked pedigree. 

Aarskog syndrome  (facial-digital- 
genital syndrome) has been described 
with megalocornea in some patients. ^^ 
Aarskog syndrome is an X-linked 
recessive condition characterized by 
short stature; hypertelorism; antimon- 
goloid slant; short, broad, upturned 
nose; broad, short hands with syndac- 
tyly; and a saddle deformity of the 
scrotum. 

The gene locus of X-linked megalo- 
cornea was previously unknown. We 
have recently presented linkage data 
from one family that localizes the ge- 
netic defect to DXS87 and DXS94.*” 
In this article, we present the pheno- 
type of patients with megalocornea 
seen at our centers. 


SUBJECTS AND METHODS 


One large family and several smaller fam- 
ilies with X-linked megalocornea were lo- 
cated, and pedigrees were traced identify- 
ing affected male subjects, unaffected male 
subjects, and female carriers. Patients 
were examined by routine slit-lamp biomi- 
croscopy; corneal diameters were measured 
with calipers along the horizontal corneal 
diameter. Anterior chamber depths were 
measured by means of optical pachymetry 
(Haag Streit, Berne, Switzerland). Corneal 
curvature was measured with a kera- 
tometer (Bausch & Lomb, Rochester, NY). 
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Fig 1.—Pedigree 1. Squares indicate male subjects; circles, female subjects; solid symbols, 
affected subjects; half-filled circles, female carriers. 
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Fig 2.—Pedigree 2. Squares indicate male subjects; circles, female subjects; solid symbols, 
affected subjects; half-filled circles, female carriers. 


Axial length was measured by ultrasound 
(Jedmed, St Louis, Mo). Refractive error 
was measured subjectively or with 
an autorefractor (Humphrey, Allergan- 
Humphrey, San Leandro, Calif). Intraocu- 
lar pressures were measured with Gold- 
manns applanation tonometer. In subjects 
in whom surgery had been performed, pre- 
vious records of measurements were used. 
Venous blood was taken from affected 
male subjects, informative unaffected male 
subjects, and informative carriers. DNA 
was extracted from white blood cells and 
dissected with several endonucleases active 
at recognized loci on the X-chromosome as 
described previously. ^" The resultant frag- 
ments were electrophoresed, blotted, la- 
beled with a radioactive probe, and autora- 
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diographed to give restriction fragment 
length polymorphisms. These were then 
statistically analyzed to give the odds ratio 
of linkage vs nonlinkage expressed as the 
log of the odds (LOD) and the recombinant 
fraction (8). 


RESULTS 


Four of the five pedigrees are shown 
(Figs 1 through 4), the fifth being an 
isolated case. In the first family, with 
two affected adults and six affected 
children, all affected male subjects 
had equal corneal diameters in both 
eyes, between 13.0 and 16.5 mm 
(mean, 14.5 mm) (Table). Corneal to- 


pography was symmetric. Iridodone- 
sis, increased trabecular meshwork 
pigmentation, and deep anterior cham- 
bers (range, 4.0 to 5.3 mm in eight 
eyes measured) were noted in all. Only 
the two adults had mosaic corneal dys- 
trophy (Fig 5), arcus juvenilis, and 
posterior subcapsular cataracts (one 
adult now bilaterally aphakic). 

Of the eight affected male subjects 
in the other four families, one previ- 
ously emmetropic patient had bilateral 
enucleations after a motor vehicle acci- 
dent. The other seven had corneal 
diameters between 14.0 and 15.0 mm 
(mean, 14.2 mm) (Fig 6). All seven had 
arcus juvenilis, but only the older 
three had mosaic corneal dystrophy 
centrally. Six of their 14 eyes had 
undergone cataract extraction; the 
three intracapsular extractions were 
complicated by retinal detachment, 
and one of three extracapsular extrac- 
tions was complicated by iris prolapse. 
One patient had moderate bilateral 
posterior subcapsular cataracts with 
nuclear sclerosis. 


No carrier female abnormality was 
found, with all female carriers having 
corneal diameters of 12.0 mm or less. 
No patient (affected male, unaffected 
male, or female carrier) had an intra- 
ocular pressure greater than 14 mm 
Hg, cup-disk ratio greater than 0.2, or 
Descemet’s membrane ruptures. Mod- 
erate myopia (greater than —3.00 di- 
opters) was found in four of eight of 
the affected members of the first fam- 
ily, three of five of the female carriers, 
and one of three of the unaffected male 
subjects. In the other families, only 
three of the eight affected male sub- 
jects were myopic. 

No facial, digital, or genital abnor- 
mality of Aarskog syndrome, color 
blindness, or other systemic abnormal- 
ity was found. 

The linkage relationships between 
the locus for megalocornea in the first 
family and a number of X-chromosome 
markers were analyzed.” The di- 
sease locus was found to be closely 
linked to three Xq21.3-q22 markers 
(Fig 7). These were DXS87 Xq21.33- 
q22 (LOD=3.91, 6=0.00), DXS94 
Xq22 (LOD=3.34, 6=0.00), and 
DXS3 Xq21.3 (LOD=0.90, 6— 0.00). 
An LOD score of 3.00 is a 1:1000 
chance of the linkage occurring ran- 
domly and is regarded as statistically 
significant of linkage. Thus, the gene 
locus is significantly linked to this re- 
gion. Additional support is given by 
two other markers, DXSI in Xql11- 
412.2 and F9 in Xq26.3-q27.2 on either 
side of the region where no link- 
age with megalocornea was found 
(LOD —0.00, 6=0.50). These suggest 
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Fig 3.—Pedigree 3. Squares indicate male subjects; circles, female 
subjects; solid symbols, affected subjects; half-filled circles, female 


Carriers. 


the location Xq12-q26 for the megalo- 
cornea locus. DNA linkage analysis 
was incomplete with the three smal- 
ler families, but preliminary results 
showed them to be consistent with the 
locus. 


COMMENT 


The clinical features manifested in 
these patients are similar to those in 
previously described pedigrees. Al- 
though it has been reported that mega- 
locornea is nonprogressive except for 
the formation of cataract,’ our study 
suggests that arcus juvenilis and mosa- 
ic corneal dystrophy develop in early 
adult life. No child (zero of six) had 
either of these conditions, while five of 
nine adults had mosaic dystrophy and 
nine of nine adults had arcus juvenilis. 

Myopia was noted in some but not all 
affected male subjects and was also 
seen in some carriers and unaffected 
male subjects, although common myo- 
pia does not seem to be a definite part 
of the condition. Retinal detachment 
may be more common after cataract 
extraction, but our numbers are not 
significant. 

Carrier female subjects, according 
to McKusick,” show slight increases in 
corneal diameters. This statement is 
based on one family” in which two 
women in a pedigree involving three 
affected male members were noted to 
have enlarged corneal diameters (only 
one measured 13 mm). No other carri- 
er female subject in this pedigree had a 
corneal diameter greater than 11.5 
mm. We found no female carrier with a 
corneal diameter greater than 12.0 
mm, nor with other changes of megalo- 
cornea. Without a clinical carrier state, 
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Fig 4.— Pedigree 4. Squares indicate male subjects; circles, female 
subjects; solid symbols, affected subjects; half-filled circles, female 
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linkage analysis may be used to identi- 
fy possible carriers. 

The gene locus for X-linked mega- 
locornea is in the same region as 
that described for Aarskog syndrome, 
Xq12" and Xq13.” The occasional asso- 
ciation of Aarskog syndrome with 
megalocornea is consistent with these 
genes being very close together. 

The gene for cholesterol-repressive 
protein is located at Xq13-q21 near the 
megalocornea locus. We tested serum 
cholesterol levels in only two patients, 
finding only one borderline elevated 
result. Thus, we are unable to draw 


11.72 + 0.44 


11.56 + 0.53 





any conclusions about the association 
of arcus juvenilis and hypercholester- 
olemia." Any linkage between arcus 
juvenilis with the megalocornea locus 
and elevated serum cholesterol level 
with the cholesterol-repressive protein 
locus remains to be shown. 

The linkage studies reported here 
are consistent with X-linked megalo- 
cornea's being a distinct ocular abnor- 
mality of genetic origin. An abnormal 
growth rate of the ectoderm of the 
optie cup resulting in enlargement of 
the ciliary ring was originally suggest- 
ed as the cause of limbal enlargement," 
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Fig 5.—Cornea measuring 14 mm, with arcus 
juvenilis and mosaic corneal dystrophy (pedi- 
gree 5, subject I-1). 





Fig 6.—A 21-year-old man (pedigree 2, sub- 
ject V-6) with 15-mm-diameter megalocornea 
with arcus juvenilis. 
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but it may be related to the growth 
rate of neural crest tissue. Other mam- 
mals have a larger cornea relative to 
the size of the globe than humans do. 
The reappearance of this ancestral 
characteristic in megalocornea has 
been proposed as a form of atavism.” 
The dispute over megalocornea being a 
forme fruste of buphthalmos may con- 
tinue with autosomal pedigrees, but 
X-linked megalocornea is a distinct 
entity. 


CONCLUSION 


We have identified a specific gene 
locus for this rare disease that appears 
to have purely ocular manifestations. 
Megalocornea is linked occasionally to 
Aarskog syndrome. This study has 
added to the number of identified loci 
of X-linked diseases. 


Genetic mapping was carried out in the Depart- 
ment of Pathology, Prince of Wales Hospital, 
Randwick, New South Wales, Australia. Special 
thanks are extended to the Tasmanian Lions Eye 
Diagnostic Centre, photographer Kevin Bell, and 
the Photographic Department of the Royal Vic- 
torian Eye and Ear Hospital, Melbourne, 
Australia. 
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Computer-Assisted Videokeratography of Corneal 
Topography After Radial Keratotomy 


Stephen J. Bogan, MD; Robert K. Maloney, MD; Carolyn D. Drews, PhD; George O. Waring III, MD 


e We used computer-assisted video- 
keratography to compare the topogra- 
phies of 32 corneas from 23 subjects 
after radial keratotomy with those of 47 
normal corneas from 47 subjects con- 
trolled for age and preoperative kerato- 
metric and refractive power. Three oph- 
thalmologists independently classified 
color-coded videokeratographs based on 
the color-coded pattern of dioptric power 
distribution and the cross-sectional 
shape. Corneas that had radial kera- 
totomy exhibited a polygonal pattern not 
seen in normal eyes; this occurred in 
59% of corneas. All normal corneas dem- 
onstrated a cross-sectional shape con- 
figuration that was steeper centrally than 
peripherally; 79% of corneas after radial 
keratotomy had a shape that was flatter 
centrally than peripherally. After radial 
keratotomy, the dioptric power increased 
from the center to the periphery (radius 
of approximately 4.6 mm) by 2.8+2.2 
diopters (mean + SD), with a sharp inflec- 
tion zone (“paracentral knee”) 2.7 mm 
from the center; normal corneas showed 
a smooth decrease in power from the 
center to the periphery of 1.9+0.5 
diopters. 

(Arch Ophthalmol. 1991;109:834-841) 


S ince the cornea is the most powerful 

refracting surface in the eye, oph- 
thalmie surgeons are cognizant of the 
effect of surgery, especially refractive 
corneal surgery, on the shape of the 
cornea. Computer-assisted videokera- 
tography is a sophisticated method for 
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measuring changes in the topography 
of the cornea and has advantages over 
conventional photokeratography that 
include higher resolution, a greater 
area of the cornea measured, direct on- 
line quantitative analysis, graphic rep- 
resentations of corneal topography, 
and improved accuracy and reproduc- 
ibility." 

Computer-assisted videokeratog- 
raphy has shown that changes in cor- 
neal topography after radial kera- 
totomy are more complex than simple 
central flattening."" For instance, Mc- 
Donnell and Garbus” noted variability 
in central corneal power in three of 11 
eyes after radial keratotomy. Maguire 
and Bourne" described one patient 
with disabling visual distortion after 
bilateral radial keratotomy despite an 
excellent spectacle-corrected visual 
acuity over an extended refractive 
range. The authors of both studies 
postulated that a multifocal lens effect, 
caused by the irregular topography of 
the central corneal surface, accounted 
for the discrepancy between refractive 
error and visual acuity after radial 
keratotomy. ” 

The present study had three goals: 
(1) to classify the patterns of corneal 
topography after radial keratotomy 
based on analysis of color-coded video- 
keratography contour maps of corneal 
refractive power; (2) to measure quan- 
titatively the aspheric shape of the 
cornea after radial keratotomy; and (3) 
to compare these findings with those 
from normal corneas. 


SUBJECTS AND METHODS 
Subjects 
We examined 32 corneas from 23 patients 


who underwent radial keratotomy and 47 
normal corneas from 47 subjects. Subjects 


with normal corneas included friends and 
relatives accompanying patients to the 
Emory Eye Center (Atlanta, Ga), college 
students, employees at the Emory Eye 
Center, patients being evaluated for radial 
keratotomy, and patients with normal cor- 
neas. Corneas were considered normal and 
included in this study only if there was 
(1) no history of ocular surgery; (2) no slit- 
lamp microscopic evidence of trauma or 
corneal disease; (3) spectacle-corrected vi- 
sual acuity of 20/100 or better (to allow 
adequate fixation); (4) regular keratometer 
mires; (5) no history of contact lens wear; 
(6) a myopic spherical equivalent refraction; 
(T) keratometric astigmatism of 1.00 diopter 
(D) or less; and (8) subject age between 20 
and 54 years. The last three inclusion crite- 
ria were designed to develop a normal 
control group whose age and refractive and 
keratometric measurements closely approx- 
imated those of the preoperative radial 
keratotomy group. 

We performed computer-assisted video- 
keratography on 32 corneas of 23 subjects 
who had undergone radial keratotomy and 
met the following criteria: (1) at least 3 
months had passed since surgery; (2) there 
was no evidence of corneal infection or 
trauma; (3) there were no sutures in the 
cornea; and (4) there were no transverse 
incisions. Of the 32 corneas, eight had four 
incisions and 24 had eight incisions; 14 had a 
3-mm-diameter clear zone, eight had a 
5.5-mm clear zone, and 10 had a 4-mm clear 
zone. Only eight of the 32 eyes underwent 
videokeratography before surgery, so only 
a limited comparison of topography before 
and after surgery was possible. 

All patients underwent examination by 
an ophthalmologist or a certified ophthalmic 
technician that included a demographic and 
ocular history, visual acuity text (Snellen 
chart), slit-lamp microscopy (Haag-Streit 
AG, Liebfeld, Switzerland), manifest re- 
fraction (fogging technique), keratometry 
(Bausch and Lomb, Rochester, NY), and 
videokeratography (Corneal Modeling Sys- - 
tem, Computed Anatomy Inc, New York, 
NY). All patients in this study gave in- 
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Fig 1.—Videokeratographs showing patterns of power distribution 
and cross-sectional shape configurations after radial keratotomy. The 
polygonal pattern was not seen in normal eyes. A, Polygonal pattern, 
oblate shape. B, Round pattern, oblate shape. C, Symmetric bowtie 
pattern, oblate shape. D, Asymmetric bowtie pattern, oblate shape. E, 
Bowtie pattern, mixed prolate/oblate shape. F, Polygonal pattern, 
oblate shape. Steep-flat-steep (“nipple”) configuration. G, Irregular 
pattern, irregular shape. 
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Fig 2.—Sections of an ellipse demonstrate 
the oblate (flatter centrally than peripherally), 
prolate (steeper centrally than peripherally), 
and mixed (prolate/oblate) shape configura- 
tions seen in this study. ^ 





formed consent. 

Videokeratography was performed using 
a previously described technique.” Four 
videokeratographs were taken of each cor- 
nea; they were inspected and retaken if 
improperly focused, if they contained ran- 
dom tear-film artifact, or if visual fixation 
was in doubt. The operator chose the best 
of the four keratographs for processing, 
which was performed using Corneal Model- 
ing System software version 1.3. Photo- 
graphs (Polaroid Corp, Cambridge, Mass) 
of the color-coded contour maps (normalized 
scale and absolute scale in 1.5-D steps) 
were taken of one color-coded videokerato- 
graph for each eye. The topographies of 
normal corneas and corneas after radial 
keratotomy were described and compared. 


Fig 3.—Corneal asphericity represented by a plot of the difference in dioptric power between 
rings 1 and 2 through 27 against distance from center (corneal image of fixation light). Top, 
Average of values for 0°, 90°, 180°, 270° semimeridians combined (asterisk). The curves 
demonstrate that after radial keratotomy the cornea is more aspheric and has a more variable 
rate of change in dioptric power than normal corneas. Bottom, 0°, 90°, 180°, 270° semimeridians 
plotted individually. Asymmetry in asphericity among semimeridians is greater after radial 
keratotomy than in normal eyes. Solid line represents eyes after radial keratotomy (n = 32), and 
dashed line, normal eyes (n — 47). Vertical bars show SD. 
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Topographic Descriptors 


Topographic Pattern.— The term pat- 
tern refers to the distribution of dioptric 
power seen on color-coded topographic 
maps. Objective criteria for defining each of 
the patterns have been previously de- 
scribed." Patterns included round, oval, 
symmetric bowtie, asymmetric bowtie, and 
irregular (Fig 1). One pattern seen in cor- 
neas that underwent radial keratotomy but 
not in normal corneas was a polygonal pat- 
tern. Identification criteria included a 
roughly concentric pattern of the color 
zones chosen for classification, which, in- 
stead of being round or oval, consisted of 
two or more angles (<135°) and three or 
more nearly straight lines (Fig 1A). Polygo- 
nal patterns included squares, hexagons, 
octagons, and others. 

All patterns were classified based on the 
normalized scale. This scale showed 11 col- 
ors on each keratograph spanning the range 
of dioptric power for that cornea. Conse- 
quently, the pattern of power distribution 
could be clearly seen, but the range of 
dioptric powers could be obscured by the 
normalization, unless the color-power scale 
was read carefully. 

We compared the normalized scaled topo- 
graphic maps with those presented with the 
absolute scale, and in general, the patterns 
of classification were the same. We were 
aware that the irregularities shown on one 
cornea could have more visual consequences 
than a similar pattern of irregularities on 
another cornea, based on a different range 
of power on the surface. Thus, the descrip- 
tion is a topographie one, and does not 
attempt to directly correlate the topogra- 
phy with the visual function of the eye. 

Corneal Shape.—Shape refers to the 
contour of a cross-sectional profile of the 
cornea. The corneas in this study fell into 
one of three cross-sectional shape 
configurations. 

l. Prolate: the cornea was steeper cen- 
trally than peripherally. This shape configu- 
ration was also described as having a posi- 
tive shape factor." 

2. Oblate: the cornea was flatter central- 
ly than peripherally. This shape configura- 
tion was also described as having a negative 
shape factor." 

3. Mixed prolate/oblate: the cornea had a 
prolate shape in one area, and an oblate 
shape in another (Fig 1E). The concept of 
prolate and oblate shapes, as discussed by 
Rowsey et al" ean be understood more 
easily as sections of an ellipse (Fig 2). We 
were aware that sections of an ellipse are 
only an approximation since the cornea 
exhibits both radial asymmetry and vari- 
able rates of change in dioptric power along 
semimeridians. Since there are no conven- 
tional methods of easily depicting a radially 
asymmetric aspheric surface, we chose the 
section of a ellipse as a convenient basis for 
general topographic classification. Spherical 
and spherocylindrical corneas that by defi- 
nition are not aspheric are theoretically 
possible, but none appeared in this study. 

Asphericity.—We represented corneal 
asphericity by a curve that depicted the 
difference in dioptric power between ring 1 
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and each successive ring out to ring 27. 
These differences were recorded for each 
eye in the 0°, 90°, 180°, and 270? semime- 
ridians, and the values for all the eyes in 
each group, at each ring, along each of the 
four cardinal semimeridians were averaged. 
Since the difference values were calculated 
by subtracting the dioptric power of ring 1 
from the power of the more peripheral ring, 
a positive number represented steepening, 
and a negative number represented flatten- 
ing. Some corneas could not be processed 
out to ring 27 (usually in the 90° and 270° 
semimeridians because of vignetting by the 
eyelids); therefore, peripheral rings may 
represent an average of fewer data points 
than those closer to the center. 

We chose to report corneal power (in 
diopters [D]) rather than radius of curva- 
ture (mm) and to report distance from the 
center in millimeters rather than in ring 
numbers. We thought that dioptrie power 
was more clinically relevant than radius of 
curvature. In Figs 3, 4, and 5 the distance 
of each data point from the center was 
calculated by averaging the distance of each 
ring from the center for all the eyes along 
each of the cardinal semimeridians. Howev- 
er, the distance of each ring from the center 
of ring 1 may vary among semimeridians 
and among eyes. The SDs of these distances 
ranged from 0.02 mm centrally to 0.26 mm 
peripherally. 

Rate of Change in Dioptric Power.— 
The rate of change in dioptrie power was 
calculated at each ring along the 0°, 90°, 
180^, and 270? semimeridians in the follow- 
ing manner. From the dioptric power at 
each ring, we subtracted the dioptrie power 
of the adjacent more central ring, and divid- 
ed that number by the distance between the 
two rings (in millimeters) Average rate of 
change was calculated at each ring in each 
cardinal semimeridian by averaging the 
rates of change at that position for all 
corneas in each group. 


Topography Over the Entrance Pupil 


The maximum range in dioptric power 
over a 4-mm area of cornea that was cen- 
tered on the entrance pupil was deter- 
mined. We assumed a standard 4-mm en- 
trance pupil, and located the center of the 
pupil from the frozen video image of the 
cornea with the pupil in a constricted state. 
This assumption may not be accurate in all 
cases because of asymmetric and variable 
dilation of the pupil among subjects. 


Method of Pattern Classification 


Three of us (S.J.B., R.K.M., G.O.W.) 
independently classified each keratograph 
according to pattern of power distribution 
and cross-sectional shape. The ophthalmolo- 
gists then met as a group and reviewed 
each keratograph to arrive at a final classifi- 
cation. If there was disagreement, kerato- 
graphs were assigned to the group that two 
of three observers agreed on. 


Statistical Methods 


One-way analysis of variance was per- 
formed using BMDP statistical software 
(BMDP Statistical Software, Los Angeles, 
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Fig 4.—Example of corneal asphericity in one eye before (solid line) and after (dashed line) 
radial keratotomy plotted against distance from center (corneal image of fixation light) shows 
central flattening and peripheral steepening after radial keratotomy. Values are combined 
averages of 0°, 90°, 180°, and 270? semimeridians; vertical bars show SD. 


Calif). Nonparametric analysis of variance 
was conducted with the Kruskal-Wallis 
test. P<.05 indicated statistical sig- 
nificance. 


RESULTS 
Study Populations 


Table 1 presents the demographic 
and clinical data for 47 normal corneas 
and 32 corneas before and after radial 
keratotomy. We considered the normal 
and radial keratotomy groups to be 
clinieally comparable. 


Analysis of Patterns 


The rate of unanimous agreement on 
pattern classification was 70% for the 
radial keratotomy group and 81% for 
the normal group after independent 
review. Discussion among the three 
observers increased the agreement to 
96% for the radial keratotomy group 
and 91% for the normal group. There 
was unanimous agreement regarding 
cross-sectional shape classification in 
100% of the videokeratographs of nor- 
mal corneas and of corneas after radial 
keratotomy, after both independent 
and group reviews. 

The majority of corneas after radial 
keratotomy had an oblate shape and a 
polygonal pattern of power distribu- 
tion (Figs 6 and 7). Eleven of the 24 
corneas with an oblate shape had a 
steep-flat-steep configuration; that is, 
a steeper area centrally that we de- 
scribed as a “central nipple" sur- 
rounded by an annulus of paracentral 
flattening, and then peripheral steep- 
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ening (Fig 1F). No oval patterns were 
seen after radial keratotomy. 

The polygonal pattern (Fig 1A), 
which was not seen in normal cor- 
neas," demonstrated linear zones of 
equivalent dioptric power that bor- 
dered the unoperated clear zone. Four- 
incision radial keratotomy tended to 
create a square pattern; eight incisions 
commonly created an octagonal pat- 
tern. The angles of both the square 
and octagonal patterns corresponded 
closely to the central ends of the radial 
incisions. There was commonly a small 
flat area around the central end of the 
radial incisions. 

Nonparametric analysis of variance 
for age, sex, number of incisions, clear 
zone diameter, postoperative interval, 
preoperative and postoperative visual 
acuity, and preoperative and postoper- 
ative keratometric and refractive mea- 
surements demonstrated that in the 
radial keratotomy group, there was 
a statistically significant difference 
among postoperative topographic pat- 
terns for preoperative keratometric 
and refractive astigmatism (PS<.03). 
The least refractive astigmatism was 
in the round (mean+SD, 0.3+0.4 D; 
range, 0 to 0.5 D) and polygonal 
(0.5+0.4 D; range, 0.1 to 1.0 D) pat- 
terns. The most preoperative astigma- 
tism was in the symmetric bowtie 
(0.9+0.4 D; range, 0.2 to 1.5 D), the 
irregular (1.0 0.4 D; range, 0.3 to 1.3 
D), and asymmetric bowtie (0.9+0.4 
D; range, 0.1 to 1.5 D) patterns. There 
was no significant difference among 
patterns for postoperative keratomet- 
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Fig 5.— Rate of change in corneal dioptric power between ring 1 and rings 2 through 27 against 
distance from center (corneal image of fixation light). Top, Average of 0°, 90°, 180°, 270° 
semimeridians combined. The curves demonstrate a sharp inflection zone (paracentral knee) 
after radial keratotomy 2.7 + 0.1 mm from the center. Bottom, 0°, 90°, 180°, 270? semimeridians 
individually vs distance from center (corneal image of fixation light). The rate of change in 
corneal power along semimeridians is asymmetrical. Solid line represents eyes after radial 
keratotomy (n — 32), and dashed line, normal eyes (n = 47). Vertical bars show SD. 


ric or refractive measurements (all 
P2.1). 

Analysis of variance also showed a 
significant difference between the 
oblate and the mixed prolate/oblate 
shapes in the radial keratotomy group, 
with the mixed prolate/oblate shape 
having greater preoperative refractive 
astigmatism (0.4+0.3 D vs 0.4+0.3 D; 
P=.002), a more myopic postopera- 
tive spherical equivalent refraction 
(-L121.6.D' vs 0.1: 1.2 D; P=.02), 
and a greater postoperative mean 
keratometric power (41.8+2.1 D vs 
39.7+1.7 D; P=.008). There were no 
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statistically significant differences in 
postoperative refractive astigmatism 
(mean, 0.7 D vs 0.6 D), preoperative 
spherical equivalent refraction (mean, 
—4.2 D vs —4.0 D), preoperative ker- 
atometric astigmatism (mean, 0.7 vs 
0.6 D), and preoperative mean kerato- 
metric power (mean, 44.5 D vs 43.8 D). 
Since there was only one eye with a 
prolate shape after radial keratotomy, 
it was not included in this analysis. 

There were no statistically signifi- 
cant differences among topographic 
patterns in the normal group for any of 
the variables listed above. 





Analysis of Asphericity 


Tables 2 and 3 show the data used to 
derive the curves in Fig 3. In normal 
corneas the average change in dioptric 
power from ring 1 to ring 25 (located 
4.5+0.10 mm from ring 1) was 
1.9+0.5 D of flattening, while in cor- 
neas after radial keratotomy it was 
2.8+2.2 D of steepening. 

Three significant features of corneal 
topography after radial keratotomy 
can be seen in Fig 3. The normal 
corneal curve had a positive slope 
while the radial keratotomy corneal 
curve had a negative slope, indicating 
that the normal eye had a generally 
prolate shape and the cornea that un- 
derwent radial keratotomy had a gen- 
erally oblate shape. There was a great- 
er difference in dioptric power 
between rings 1 and 25 after radial 
keratotomy than in normal corneas, 
indicating a greater magnitude of 
asphericity after radial keratotomy. 
The sharp bend in the profile of the 
corneas after radial keratotomy, locat- 
ed between 1.75 and 3.3 mm from the 
center of ring 1, represented a signifi- 
cant inflection zone that was not seen 
in normal corneas; this has been called 
the “paracentral knee."^ Analysis of 
the 0°, 90°, 180°, and 270? semime- 
ridians individually showed that there 
was asymmetry in the magnitude and 
regularity of asphericity among the 
semimeridians (Fig 3, bottom). 

Analysis of corneal asphericity in the 
eight eyes for which preoperative and 
postoperative videokeratographs were 
available generally demonstrated 
asphericity curves similar to the aver- 
age asphericity curves in Fig 3. In 
nearly every case the preoperative and 
postoperative curves crossed or were 
on the verge of crossing in the periph- 
eral cornea (Fig 4), indicating that the 
peripheral cornea was steeper after 
surgery than at baseline. 


Rate of Change in Dioptric Power 


When rate of change in dioptric pow- 
er was plotted as a function of distance 
from ring 1 (Fig 5 and Tables 2 and 3), 
the rate of change in normal corneas 
was relatively flat compared with cor- 
neas after radial keratotomy. The in- 
flection zone (paracentral knee) was 
located approximately 2.7 mm from 
ring 1 and was present in each of the 
cardinal semimeridians, but was great- 
er in the superior and inferior semi- 
meridians than in the nasal and tempo- 
ral semimeridians. 


Topography Over the Entrance Pupil 


The mean range of dioptric power in 
a 4-mm area of cornea overlying a 


Computer-Assisted Videokeratography —Bogan et al 


standard 4-mm entrance pupil was 
3.8+2.4 D after radial keratotomy and 
2.0+0.5 D in normal corneas. This 
emphasizes that there is no “spherical 
optical zone” in normal corneas and 
that radial keratotomy can induce even 
more central asphericity. 


COMMENT 


Understanding changes that occur in 
corneal topography as a result of sur- 
gery is a prerequisite to understanding 
the optical effects of such changes. Our 
findings confirmed the irregularity of 
corneal topography after radial kerato- 
tomy noted by other investigators.*” 
For the first time, we quantified corne- 
al asphericity after radial keratotomy 
on a semimeridional basis. 

In this study and a previous study,” 
we demonstrated that normal corneal 
topography can be classified according 
to the pattern of power distribution 
across the corneal surface. Analysis of 
corneal topography in 212 normal 
eyes" showed that the bowtie patterns 
had a statistically significantly greater 
amount of refractive and keratometric 
astigmatism than the round and oval 
patterns. We did not find a statistically 
significant difference in astigmatism 
among topographic patterns in normal 
eyes in this study, most likely because 
we limited astigmatism to less than 
1 D. All of the normal corneas in both 
studies had a prolate shape (steeper 
centrally, and flatter paracentrally and 
peripherally, [Fig 2]). 

After radial keratotomy, 79% of cor- 
neas had an oblate shape (flatter cen- 
trally and steeper paracentrally and 
peripherally [Fig 2], and approxi- 
mately 60% had a polygonal pattern of 
power distribution (Figs 1, 6, and 7). 
Other patterns seen after radial kera- 
totomy were similar to those seen in 
normal corneas, except that no oval 
patterns were seen. In some videoker- 
atographs the polygonal pattern was 
incomplete or asymmetric, and was 
part of a square or octagon. This asym- 
metry could be caused by variable 
incision depth or length, variable re- 
sponse to surgery in different areas of 
the cornea, or an improperly centered 
videokeratograph. Possibly, asymme- 
try in patterns might be useful as a 
guide for repeating surgery, indicating 
the areas in which further flattening is 
necessary. 

Eyes with polygonal and round pat- 
terns after radial keratotomy demon- 
strated a smaller amount of preoper- 
ative astigmatism than eyes with 
bowtie or irregular patterns. That is, 
eyes with a greater amount of astigma- 
tism before surgery were more likely 
to have a bowtie or irregular pattern 
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Table 1.—Demographic and Refractive Data for 47 Normal Eyes and 32 Eyes Before 
and After Radial Keratotomy * 


Radial Keratotomy 
————————————————————— 
Normal Eyes Beforet After 
47 32 32 
35.5 + 9.0 38.7 £ 7.0 42.7 + 5.2 
(20 to 54) (25 to 51) (33 to 51) 
20/20 20/17.5 20/17 
(20/15 to 20/20) (20/15 to 20/20) (20/ 12 to 20/20) 
—.2 = 1.8 —4.1 = 1.0 —0.7 + 4.5 
(—6.8 to — 1.0) (—7.0 to —2.1) (—4.0 to 2.3) 
Refractive cylinder, 0.4 + 0.5 0.6 + 0.4 0.7 + 0.4 
D§ (O to 1.8) (O to 1.5) (—4.6 to +2.3) 
Mean keratometric 44.3 t 1.9 44.1 = 1.2 40.5 + 2.1 
power, D§ (40.2 to 48.0) (41.8 to 49.0) (36.1 to 47.2) 
0.7 = 0.5 
(O to 1.8) 


Variable 
No. of eyes 
Age, yt 


Mean spectacle 
visual acuity§ 
Spherical equivalent 
refraction, Dł 


Keratometric 
astigmatism, DS oe 

42 £ 31 
(3 to 87) 


Mean postoperative 
interval, mo 


* Values are means + SDs; values in parentheses are ranges. 

tOnly eight eyes underwent videokeratography before surgery. 

Normal eyes and eyes before radial keratotomy were statistically significantly different at P < .01. 
§Normal eyes and eyes before radial keratotomy were not significantly different. 


Eyes, 96 





Round Oval B Irregular Polygonal 
Fig 6.— Qualitative patterns of power distribution in normal corneas (solid bars; n — 47) and 
corneas after radial keratotomy (tinted bars; n= 32). See text and Fig 1 for definition of patterns. 
The polygonal pattern did not occur in normal eyes. SB indicates the symmetric bowtie and AB, 
the asymmetric bowtie patterns. 


Fig 7.— Distribution of cross-sectional shapes of normal corneas and corneas after radial 
keratotomy (RK) showing that all normal corneas had a prolate shape, and that 9796 of corneas 
after radial keratotomy had an oblate or mixed prolate/oblate shape. 
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Power, D/mm 
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Ring of Data Center of Dioptric 
Pointst Ring 1, mm Power, D 








Difference in 
Dioptric Power 
From Ring 1, D 









































1 0.38 + 0.04 40.28 + 3.15 0.00 + 0.00 6.00 + 0.00 
2 132 0.57 + 0.06 40.36 + 3.24 0.07 + 0.41 @.50 + 2.36 
3 132 0.76 + 0.07 40.38 + 3.24 0.09 + 0.71 8.17 + 2.17 

130 1.14 + 0.09 40.45 + 3.09 0.15 + 0.98 —6.08 + 1.60 
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1 
10 127 2.06 2.59 0.58 + 1.55 1.19 + 1.82 


11 127 2.23 + 0.13 41.01 + 2.52 0.77 + 1.69 1.24 + 1.68 
12 127 2.41 + 0.13 41.23 + 2.44 1.00 + 1.82 1.40 + 1.69 
13 124 2.58 + 0.13 41.41 + 2.29 1.19 + 1.92 1.55 + 1.43 
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16 114 3.08 + 0.14 42.06 + 2.03 2.00 + 2.26 1.48 + 1.18 
17 107 3.25 + 0.13 42.17 + 1.88 2.10 + 2.18 1.28 + 1.07 
21 67 3.95 + 0.13 42.36 + 1.59 2.33 + 2.16 0.30 + 0.87 
23 54 4.30 + 0.14 42.55 + 1.60 2.25 + 2.32 —0.15 + 1.02 
4.47 + 0.13 42.65 + 2.65 + 2.39 + 0.6 
4.57 + 0.12 43.26 + 2.78 + 2.15 + 0.5 





* Values are means + SDs and represent averages of 0°, 90°, 180°, and 270° semimeridians. 

tThe number of data points is equal to the number of corneas in the group multiplied by the number of semi- 
meridians averaged. The number of data points declines peripherally because of incomplete processing of pe- 
ripheral rings due to eyelid shadows or irregular rings. 
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Tele 8 —Topooraphic Data For 47 Normal Comeas* 


No. Distance From Mean Difference in Rate of Change 
of Data Center of Dioptric Dioptric Power in Corneal 


Pointst Ring 1, mm Power, D From Ring 1, D Power, D/mm 


1 188 0.34 + 0.02 44.35 + 1.89 0.00 + 0.00 0.00 + 0.00 
18 , " 


0.53 + 0.03 
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5 
6 
7 
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* Values are means + SDs and represent averages of 0°, 90°, 180°, and 270° semimeridians. 

tThe number of data points is equal to the number of corneas in the group multiplied by the number of semi- 
meridians averaged. The number of data points declines peripherally because of incomplete processing of pe- 
ripheral rings due to eyelid shadows or irregular rings. 
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after surgery. As suggested by Ma- 
guire and Bourne," this supports the 
notion that there is a relationship be- 
tween preoperative and postoperative 
corneal topography in radial kera- 
totomy. Surprisingly, we did not find a 
correlation between postoperative to- 
pographie pattern and postoperative 
astigmatism. Perhaps the amount of 
postoperative astigmatism (mean, 
0.7 D), and the number of subjects in 
each group were too small to demon- 
strate a difference. 

The aspheric shape of the normal 
cornea has been well documented,” 
although no one has previously docu- 
mented semimeridional asphericity us- 
ing computer-assisted ^ videokera- 
tography. Analysis of corneal 
topography in 349 corneas by Rowsey 
and colleagues" in the Prospective 
Evaluation of Radial Keratotomy 
study, using a 9-ring photokerato- 
scope, disclosed an average difference 
of 1.6 to 1.7 D between rings 1 and 8 in 
normal corneas prior to radial kera- 
totomy. After radial keratotomy, they 
found a difference of 0.5 D between 
rings 1 and 8 in eyes with a 4.0-mm 
clear zone, and a difference of 1.9 D in 
eyes with a 3.0-mm clear zone." Rate 
of change in corneal power was not 
reported and, since average ring val- 
ues were used, meridional variation 
and focal irregularity could not be 
determined. 

Kiely et al,” in a photokeratographic 
analysis of 196 normal corneas from 98 
subjects, found that 11.496 had an ob- 
late shape (steeper peripherally than 
centrally) similar to corneas after radi- 
al keratotomy. Although they found 
meridional asymmetry in radius of cur- 
vature, they did not analyze semime- 
ridional asphericity or radius of curva- 
ture. All of the normal corneas in this 
study, and in our previous study of 
normal eyes,” had prolate shapes. 

In this study, corneal asphericity 
after radial keratotomy was signifi- 
cantly greater than that of normal eyes 
(Fig 3). Although normal eyes demon- 
strated a relatively constant rate of 
change in dioptric power from the cen- 
ter to the periphery, after radial kera- 
totomy there was an increased rate of 
change in dioptric power between 2.6 
and 3.3 mm from the center (Fig 4). 
While others have postulated the exis- 
tence of this inflection zone (paracen- 
tral knee)," its location has not been 
previously documented. The location 
of the inflection zone in this study 
agrees well with the computer simula- 
tion by Hanna et al" of change in 
corneal shape after radial keratotomy 
that predicted flattening and posterior 
displacement of the central 6-mm di- 


Computer-Assisted Videokeratography — Bogan et al 


a. 1 i 


AT: 


ameter of the cornea, and steepening 
and anterior displacement of the pe- 
ripheral cornea between the 6- and 
ll-mm diameters. The postulate of 
overall flattening of the cornea after 
radial keratotomy by other investiga- 
tors" is untenable based on the com- 
puter simulation model, and may be 
the result of inadequate or nonexistent 
measurement of the peripheral cornea. 
Analysis of the eight eyes for which we 
had preoperative and postoperative vi- 
deokeratographs also showed a trend 
toward peripheral steepening of the 
cornea after radial keratotomy (Fig 3). 

Figure 4 illustrates that semime- 
ridional asymmetry is greater after 
radial keratotomy than in normal cor- 
neas, with the superior and inferior 
semimeridians showing a greater rate 
of change at the inflection zone than 
the temporal and nasal semimeridians. 
Maguire and Bourne” also observed 
more severe steepening in the inferior 
semimeridians in one patient who had 
bilateral radial keratotomy. The effect 
of eyelid pressure on a structurally 
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weakened cornea may account for this 
difference. 

The concept of a “multifocal cornea” 
has been used to explain good visual 
acuity despite residual refractive error 
in some patients after radial kera- 
totomy."" However, the cause of the 
multifocal effect has not been deter- 
mined. Does the cornea simply have a 
greater range of power after radial 
keratotomy, or is a certain pattern of 
power distribution required? We found 
that corneas after radial keratotomy 
had a greater change in dioptric power 
from the center to the periphery than 
normal eyes. More importantly, the 
range of dioptric powers seen in the 
cornea over the entrance pupil was 
nearly twice as great after radial kera- 
totomy as that in normal eyes, indicat- 
ing the potential for a multifocal lens 
effect. 

Since the inflection point (paracen- 
tral knee) is located outside the en- 
trance pupil, it is unlikely that in- 
creased asphericity caused by the 
inflection point accounts for the in- 
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creased range of good visual acuity 
seen in some patients after radial kera- 
totomy." More likely, a change in the 
topography over the entrance pupil 
and within the clear zone accounts for 
this finding. As Applegate and Gansel” 
have observed, the location and size of 
the entrance pupil is important when 
considering the optical function of the 
cornea after radial keratotomy. Fur- 
ther work correlating the range and 
pattern of power distribution over the 
entrance pupil with visual acuity and 
the optical quality of the corneal sur- 
face remains to be done. 
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Echographie Diagnosis of Anterior Hyaloidal 
Fibrovascular Proliferation 


Dennis P. Han, MD; Michael Lewandowski, RDMS; William F. Mieler, MD 


e High-resolution contact — B-scan 
echographic imaging of the ciliary body 
and peripheral retina was performed on 
five eyes with anterior hyaloidal fibrovas- 
cular proliferation and media opacity by 
means of a wide (58°) scanning arc. This 
technique determined the circumferential 
and anteroposterior extent of peripheral 
traction retinal detachment associated 
with anterior hyaloidal fibrovascular pro- 
liferation, which correlated highly with 
findings at subsequent vitrectomy. Final 
visual acuity of 20/400 or better was 
achieved in the two eyes (50%) with more 
limited peripheral traction detachment. In 
the presence of media opacity, anterior 
echographic imaging may allow early de- 
tection of traction retinal detachment as- 
sociated with anterior hyaloidal fibrovas- 
cular proliferation and may be useful in 
characterizing the severity of this 
condition. 

(Arch Ophthalmol. 1991;109:842-846) 


nterior hyaloidal fibrovascular pro- 

liferation (AHFP)," previously 
described as retrolentieular neovascu- 
larization," is a severe postoperative 
complication of vitrectomy for diabetic 
retinopathy. It consists of neovascular 
proliferation originating from the ante- 
rior retina and extending along the 
anterior hyaloid to the posterior lens 
surface." Vitreous hemorrhage, ante- 
rior traction retinal detachment, cili- 
ary body detachment, severe loss of 
vision, and atrophia bulbi may occur. 
Clinieally, AHFP may present as hem- 
orrhage in the vitreous cavity or in the 
space between the anterior hyaloid and 
the posterior lens capsule, within a few 
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months after surgery. It may also pre- 
sent as neovascularization along the 
posterior lens capsule or as hypotony. 
Pseudophakic eyes may also be in- 
volved.‘ 

Early recognition is important to 
allow appropriate intervention with 
photocoagulation or lensectomy and 
membrane dissection." However, vit- 
reous hemorrhage commonly coexists 
with AHFP and may prevent visual- 
ization of the ciliary body and periph- 
eral retina, making clinical diagnosis of 
this condition difficult. We present the 
echographic findings in five cases of 
AHFP with the use of contact B-scan 
imaging and provide clinical correla- 
tion with intraoperative findings that 
supports this technique as a useful 
diagnostic modality. 


PATIENTS AND METHODS 


Between October 1987 and April 1990, 
five patients were determined by the echog- 
raphy service at the Medical College of 
Wisconsin, Milwaukee, to have echographic 
findings consisting of peripheral traction 
retinal detachment and anterior hyaloidal 
membranes suggestive of AHFP. All pa- 
tients had undergone previous vitrectomy 
for complications of proliferative diabetic 
retinopathy between 6 weeks and 13 
months previously and presented with post- 
vitrectomy vitreous hemorrhage obscuring 
biomicroscopic and ophthalmoscopic view of 
the fundus and anterior vitreous cavity. 

Echographic evaluations were performed 
with a B-scan echography instrument (Coo- 
perVision System IV Digital B-sean; Alcon 
Laboratories, Irvine, Calif). The high reso- 
lution and wide scanning are (58?) of this 
instrument allowed echographic visualiza- 
tion of the far periphery, even to the ciliary 
body region. After administration of a topi- 
cal anesthetic, the globe was screened with 
both standardized A-scan and contact B- 
scan echography for gross pathologic find- 
ings. Imaging of the anterior vitreoretinal 


structures was most easily accomplished 
with the B-scan in the longitudinal orienta- 
tion. In this orientation, the scanning arc 
was along a particular meridian of the 
globe, with the optic nerve shadow appear- 
ing near the bottom of the echogram and 
the ciliary body appearing near the top. 
Peripheral membranes could be detected 
and evaluated relative to anterior vitreo- 
retinal topography. This contact B-scan 
technique allowed visualization of anterior 
vitreoretinal structures and the ciliary body 
region for 360°. Transverse views were also 
obtained to provide additional confirmation 
of circumferential involvement. Occasional- 
ly, probe contact through a closed eyelid 
was employed to obtain proper alignment. 

Vitreous membranes could usually be dif- 
ferentiated from retina by their random 
configuration, and, in most cases, absence 
of attachment to the ocular wall at both its 
anterior and posterior aspects. Retinal de- 
tachment was identified by a “tented” con- 
figuration (Fig 1) and, in general, a reduc- 
tion in mobility compared with vitreous 
membranes. The vitreous membranes ex- 
erting traction on the detached retina could 
often be seen. 


RESULTS 


The Table summarizes the patients’ 
clinical and echographic findings (Figs 
1 through 8), subsequent surgical pro- 
cedures, and final visual outcome. In 
all cases, the circumferential and an- 
teroposterior extent of peripheral trac- 
tion retinal detachment was deter- 
mined with B-scan echography, allow- 
ing characterization of disease severity 
in the absence of direct clinical visual- 
ization of the fundus. All patients un- 
derwent subsequent surgical interven- 
tion, which permitted intraoperative 
confirmation of the anteriorly located 
proliferative process (see the case re- 
port below) and the circumferential 
and anteroposterior extent of associ- 
ated peripheral traction retinal detach- 
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Fig 1.—Case 1. Longitudinal B-scan echogram showing peripheral 
traction retinal detachment and attached anterior hyaloidal membrane 
(arrow) in advanced anterior hyaloidal fibrovascular proliferation. A 
“tentlike” configuration and postequatorial extension of the detached 
peripheral retina is visible. 


Time 


Patient/ From 


Age, y/ 
Sex/Eye 
1/69/F/L 


2/67/F/R 


3/69/F/L 


4/34/M/R 


5/31/M/R 
3 wk 


(2 previous 
vitrectomies) 


Vitrectomy 
to Diagnosis 


4 mo 


Clinical and Echographic Findings, Surgical Procedures, 


Vitreous 
Hemor- 
rhage 





Clinical Findings 


—M S 


Iris Neo- 
vascular- 
ization 


Neo- 
vascular 
Glaucoma 


tissue. 


Echographic 
Extent of Traction 
Retinal Detachment 


Antero- 
poste- 
rior 


Circum- 
feren- 
tial 
270? superiorly Postequatorial 
(Fig 1) 


Post- 
equatorial 


Nearly total 
detachment 


330° superiorly Equatorial 


45° at 1-2:30 Preequatorial 
meridians, (Fig 4) 
60° at 
8-10 
meridians 

105° at 
6:30-10 
meridians 


Preequatorial 
(Figs 5-8) 


and Visual Outcome * 


Subsequent 
Procedures 
Performed 


Vitrectomy, scleral buckle, 


lensectomy, peripheral 
dissection, relaxing 
retinectomy, fluid-gas 
exchange, panretinal 
photocoagulation 


Vitrectomy, scleral buckle, 


lensectomy, relaxing 
retinotomy, panretinal 
photocoagulation, 
fluid-gas exchange, 
silicone oil injection 


Vitrectomy, scleral buckle, 


peripheral cryopexy, 
peripheral dissection / 
excision, panretinal 
photocoagulation, 
intraocular lens 
repositioning, partial 
posterior capsulectomy 


Vitrectomy, cryopexy, 


panretinal 
photocoagulation 
(remained phakic) 


Vitrectomy, scleral 


buckle, ECCE (phaco- 


emulsification), posterior 


chamber lens implanta- 
tion (posterior capsule 
intact), peripheral 
dissection, peripheral 
cryopexy, panretinal 
photocoagulation, 
fluid-gas exchange 


* HM indicates hand motions; NLP, no light perception; LP, light perception; and ECCE, extracapsular cataract extraction. 
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Visual Acuity 
MS 
Pre- Post- 
opera- opera- 
tive tive 

HM at 
60 cm, 
phthisis 


20/400 


20/20 


20/200 





Fig 2.— Case 1. Intraoperative photograph of anterior hyaloidal fibro- 
vascular tissue attached to the posterior aspect of the intact posterior 
lens capsule. Neovascularization could be seen within the proliferative 


Follow- 


up, mo 





843 





retina after diathermization and excision of the fibrovascular tissue 
seen in Fig 2. Traction detachment of the superior 270° of the fundus 
was noted. 


Fig 5.—Case 5. Longitudinal contact B-scan echogram of the right 
eye demonstrating preequatorial traction retinal detachment (arrow). 
The detachment was noted to extend from the 8:30 to the 9:30 


meridians (see Fig 6). 


ment. In the fifth case, progression 
from a completely attached retina to a 
localized preequatorial traction detach- 
ment (30°) was seen during a 3-week 
period (Figs 5 through 8). Monthly 
echographic examinations then demon- 
strated gradual circumferential exten- 
sion of the detachment, which eventu- 
ally reached 105° in extent during a 
4-month period before a vitrectomy 
was performed. Except for this pa- 
tient, all patients underwent surgery 
within 1 week of diagnosis of AHFE. 
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Fig 3.— Case 1. Intraoperative photograph of the detached peripheral 














In all cases, circumferential borders of 
the anterior retinal detachments as 
determined by intraoperative inspec- 
tion were noted to occur within one- 
half clock hour of the preoperative 
assessment and accurately determined 
its extent preequatorially or pestequa- 
torially. Echography also proved accu- 
rate both in assessing and in differenti- 
ating between retina and vitreous 
membranes as determined by intra- 
operative visualization. In none of the 
cases was a definite rhegmatogenous 





Fig 4.—Case 4. Longitudinal B-scan echogram showing early, pre- 
equatorial, traction retinal detachment. An anterior hyaloidal mem- 
brane (arrow) inserts on the area of detachment. 





Fig 6.—Case 5. Transverse B-scan view along the 9-o’clock meridian 
obtained concurrently with Fig 5 showed no obvious retinal elevation, 
consistent with the limited circumferential extent of the detachment. 


component to the detachment discov- 
ered intraoperatively. A detailed clini- 
cal correlation between echographic 
and intraoperative findings is de- 
scribed in the following case report. 


REPORT OF A CASE 


A 69-year-old woman (Table, patient 1) 
with a history of proliferative diabetic reti- 
nopathy presented on April 25, 1989, with a 
vitreous hemorrhage and neovascular glau- 
coma in the left eye. She had had three 
previous treatment sessions of argon laser 
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Fig 7.— Case 5. Eight weeks after the echograms in Figs 5 and 6 were 
obtained, longitudinal B-scanning demonstrated a preequatorial trac- 
tion detachment that was more elevated and extended more 
posteriorly. 


panretinal photocoagulation, having re- 
ceived a total of 1753 laser applications in 
that eye. On April 27, a pars plana vitrec- 
tomy and panretinal endophotocoagulation 
were performed. Three months later, neo- 
vascular glaucoma persisted, and a trabecu- 
lectomy with placement of a Denver-Krupin 
valve implant was performed on August 1. 
On August 21, recurrent vitreous hemor- 
rhage developed, and B-scan echography 
demonstrated diffuse vitreous opacities 
without peripheral retinal detachment. On 
November 29, clinical examination demon- 
strated a visual acuity of hand motions and 
a dense nuclear sclerotic cataract that ob- 
secured view of the fundus or anterior vitre- 
ous cavity. The filtration bleb was flat, and 
the intraocular pressure measured 
27 mm Hg. A repeated echographic exami- 
nation demonstrated an elevated peripheral 
membrane that appeared to represent pe- 
ripheral traction retinal detachment involv- 
ing the superior 270° of the fundus. Vitre- 
ous bands were noted to exert traction on 
the peripheral retina in a tentlike fashion 
(Fig 1) and extend anteriorly toward the 
posterior lens surface. The retinal detach- 
ment appeared to extend postequatorially. 
These findings were thought to be consis- 
tent with AHFP and associated traction 
retinal detachment. 

On December 5, repeated pars plana vi- 
trectomy, lensectomy, scleral buckling, an- 
terior retinal membrane dissection, and 
panretinal and ciliary body endophotoco- 
agulation were performed. Intraoperative- 
ly, during removal of the lens nucleus, 
neovascularization was noted to extend 
along the posterior surface of the lens cap- 
sule from superiorly (Fig 2). A plane was 
bluntly dissected between the neovascular 
tissue and the lens capsule with the endoil- 


«^ luminator, the lens capsule was removed, 


and the neovascular tissue was diather- 
mized and excised. The superior 270° of 
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Fig 8.— Case 5. Transverse B-scan obtained concurrently with Fig 7 
along the 7:30 meridian, demonstrating greater circumferential extent 
of the detachment. The detachment was noted to extend from the 6- to 


the 9-o'clock meridians. Four weeks later, the detachment was noted 
to extend from the 6:30 to the 10-o'clock meridians, at which time a 
repeated vitrectomy was performed. 


peripheral retina was noted to be tractional- 
ly elevated (Fig 3) by fibrovascular tissue 
that was contiguous with the neovasculari- 
zation on the lens and that extended clock- 
wise from the 10- to 3-o'clock meridians. 
Traction retinal detachment extended just 
posterior to the equator superiorly. Periph- 
eral membrane dissection and relaxing 
retinectomy were performed, and intrao- 
perative retinal reattachment Was 
achieved. Seven months postoperatively, 
the retina remained attached, but the eye 
had become atrophie and had lost light 
perception. 


COMMENT 


Anterior hyaloidal fibrovascular pro- 
liferation has been reported to be the 
most common severe complication af- 
ter diabetic vitrectomy, occurring in 
up to 1346 of a recent series of diabetic 
eyes undergoing vitrectomy. Risk fac- 
tors for the development of AHFP 
include young patient age, male sex, 
severe retinal neovascularization and 
ischemia, traction detachment as an 
indication for previous vitrectomy, and 
placement of a scleral buckle.’ It has 
been described to occur typically with- 
in a few months after vitrectomy. In 
many eyes without media opacifica- 
tion, a clinical diagnosis of AHFP can 
be made by slit-lamp examination, 
which demonstrates fibrovascular tis- 
sue growing on the posterior lens cap- 
sule. Scleral indentation during slit- 
lamp examination and indirect oph- 
thalmoscopy may also facilitate visu- 
alization of the peripheral lens and 
anterior retina. Hemorrhage in the 
vitreous cavity or in the space between 
the anterior hyaloid and posterior lens 


capsule may also be present. In some 
cases of AHFP, stabilization of visual 
function has been achieved with exten- 
sive, confluent laser photocoagulation 
of the peripheral retina and pars plana. 
More advanced cases with peripheral 
traction retinal detachment have been 
managed with some success with early 
lensectomy, anterior membrane dis- 
section, and retinal photocoagulation.” 
Although results of a relatively small 
series of patients with this condition 
suggest specific indications for surgical 
intervention, classification of disease 
severity using echographic techniques 
may help to define further the natural 
course and appropriate management of 
AHFP in its varying degrees of 
severity. 

Because of the potential importance 
of early recognition of AHFP and the 
frequency of coexisting vitreous hem- 
orrhage, which may make its clinical 
detection difficult, echographie imag- 
ing of the anterior retina and ciliary 
body region appears to be an impor- 
tant adjunct to the clinical examination 
of the diabetic patient after vitrec- 
tomy. High-resolution contact B-scan- 
ning is useful in detecting even subtle 
tractional elevation of the anterior ret- 
ina, making it useful in identifying 
cases of AHFP before extensive pe- 
ripheral retinal detachment occurs, 
and monitoring for progression if sur- 
gical intervention is to be deferred. 
Contact B-scan echography may also 
help to provide a visual prognosis in 
this condition. In the limited number of 
cases reported herein, the visual prog- 
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noses tended to be poorer in eyes with 
more extensive traction retinal detach- 
ment. Further experience with this 
technique will be necessary to confirm 
this impression. 

In our opinion, a patient with postvi- 
trectomy diabetic vitreous hemorrhage 
in whom fluid-air exchange is contem- 
plated should first undergo echog- 
raphy to rule out AHFP for several 
reasons: (1) detection of AHFP may 
prepare the surgeon to perform photo- 
coagulation concurrently with the flu- 
id-air exchange, perhaps reducing the 
risk of recurrent vitreous hemorrhage 
and stabilizing this condition’; (2) re- 
sults of the echographic examination 
may allow the surgeon to avoid needle 
insertion through involved ocular me- 
ridians and reduce the risk of peripher- 
al retinal complications; and (3) the 
presence of intraocular air subsequent 
to fluid-air exchange may interfere 
with echographic evaluation and may 
further delay the diagnosis of AHFP. 

The patients described in this report 
may represent relatively advanced 
cases of AHFP, since their echogra- 
phic examinations were prompted by 
vitreous opacification, which may be a 
marker of increased disease severity. 
In addition, it was difficult to deter- 
mine the exact onset of AHFP in our 
patients, since most did not undergo 
ultrasound examinations until vitreous 
hemorrhage developed. It remains to 
be seen whether this technique would 
be diagnostically useful in eyes with 
presumably less advanced disease, 
such as in eyes without vitreous hem- 
orrhage but with peripheral cataract 
obscuring visualization. Because we 
have observed subtle peripheral de- 
tachments and their progression with 
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time, it appears likely that the tech- 
niques described above would also be 
useful in these cireumstances. 

Although standardized A-scan eval- 
uation’ was routinely used and is po- 
tentially useful in the diagnosis of 
AHFP, we found that the topographic 
landmarks and configurational appear- 
ance of the peripheral retina and vitre- 
ous membranes offered by contact B- 
scan imaging were invaluable 
characteristics of the latter technique. 
Although the structure could be im- 
aged with both the longitudinal and 
transverse orientations, the former 
was easier to interpret and allowed 
more accurate anteroposterior localiza- 
tion of the disease. Nevertheless, in 
some cases the transverse orientation 
allowed some appreciation of changes 
in circumferential extent of disease 
(Figs 6 and 8). The relatively small 
probe diameter (17 mm), high resolu- 
tion, and wide scanning arc of the B- 
scan instrument described herein were 
also extremely helpful in permitting 
visualization of the peripheral retina 
and ciliary body region for 360°. 

An alternative technique of imaging 
the anterior vitreoretinal structures 
and ciliary body region is immersion B- 
scanning performed with a scleral 
shell. This technique has been success- 
ful in imaging AHFP.' It can be used 
with an older, more cumbersome B- 
scan probe and has the advantage of 
being able to image the cornea, lens, 
iris, and ciliary body. This latter meth- 
od may thus be useful in eyes with 
severe anterior retinal displacement. 
Although the contact B-scan technique 
we describe is limited in its ability to 
image as far anteriorly as the immer- 
sion technique, it can be performed 
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conveniently as part of a more routine 
echographic examination. 

Limitations of any of the echogra- 
phie techniques described above are as 
follows: (1) early detection of the neo- 
vascular process before peripheral 
traction detachment is difficult, since 
the peripheral vitreous remnants in 
uncomplicated postvitrectomy eyes 
may appear echographically similar to 
the anterior vitreous membranes asso- 
ciated with AHFP, and (2) the tech- 
niques cannot distinguish AHFP from 
other potential causes of anterior reti- 
nal traction, such as anterior prolifera- 
tive vitreoretinopathy,~” vitreous in- 
carceration into sclerotomy sites, and 
fibrous ingrowth. All of these condi- 
tions may have echographically detect- 
able vitreous membranes inserting on 
peripherally detached retina. Howev- 
er, these conditions are less commonly 
associated with vitreous hemorrhage 
and iris neovascularization, both of 
which occur commonly in AHFP. In 
addition, vitreous incarceration and fi- 
brous ingrowth are usually limited to 
meridians corresponding to sclerotomy 
sites. 

In summary, high-resolution contact 
B-scan echography of the peripheral 
retina and vitreous is a useful adjunct 
to the clinical examination to establish 
a diagnosis of AHFP, but it cannot be 
used alone. Our experience suggests 
that the presence of new vitreous hem- 
orrhage within a few months of diabet- 
ic vitrectomy, iris neovascularization, 
and peripheral traction retinal detach- 
ment by echography is strongly indica- 
tive of this complication. 
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Brown Tumor and Secondary Hyperparathyroidism 


Mark R. Levine, MD; Alfredo Chu, MD; Fadi W. Abdul-Karim, MD 


e Brown tumor is a focal, bony lesion 
of hyperparathyroidism that results from 
parathyroid hormone on bone increasing 
osteoclastic activity with bone resorp- 
tion and trabecular fibrosis. This leads to 
microfractures and hemorrhage and the 
appearance of brown tumors, which are 
seen most commonly in primary hyper- 
parathyroidism and less frequently in 
secondary hyperparathyroidism. Rarely 
do these tumors involve the orbit. We 
report the sixth case, to our knowledge, 
of orbital involvement, in a patient with 
chronic renal failure (secondary hyper- 
parathyroidism) and review the literature. 

(Arch Ophthalmol. 1991;109:847-849) 


As hemodialysis is employed more 
frequently for treating patients 
with chronic renal failure, a larger 
patient population with secondary hy- 
perparathyroidism has come into exis- 
tence. Ophthalmologists rarely en- 
counter these patients, except perhaps 
when they present with brown tumors 
involving the orbit. Brown tumor, as 
well as osteitis fibrosa cystica, are 
bone lesions associated with primary 
and secondary hyperparathyroidism, 
but are more common in primary hy- 
perparathyroidism. Orbital involve- 
ment is rare; to our knowledge, only 
five cases have been reported in the 
ophthalmic literature." We describe a 
patient with secondary hyperparathy- 
roidism who developed a brown tumor 
of the orbit, discuss the differential 
diagnosis, and review the literature. 
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REPORT OF A CASE 


A 27-year-old woman with chronic renal 
failure secondary to Alport’s syndrome (he- 
reditary nephritis) that had been diagnosed 
at age 17 years was admitted with proptosis 
and diplopia. She had been successfully 
receiving hemodialysis treatment for sever- 
al years when, 4 months prior to admission, 
she developed pain in her hands and knees. 
One month prior to admission the patient 
sustained a spontaneous rib fracture from 
coughing, and developed diplopia and pro- 
ptosis of the left eye. Twenty-four hours 
prior to admission she complained of diffuse 
headaches, generalized weakness, and fe- 
ver. She had no history of trauma and had 
been receiving antihypertensive medica- 
tions, vitamin D, calcium supplements, and 
phosphate binders for osteoporosis. 

Examination on admission revealed an 
alert, oriented, febrile woman. Blood pres- 
sure was 110/60 mm Hg; pulse, 60 beats per 
minute and regular; respiratory rate, 18 
breaths per minute; and temperature, 
38.6°C. The results of the physical examina- 
tion were normal. 

Ophthalmologic examination showed vi- 
sual acuity to be 20/20 OD and 20/25 OS. 
The left eye was 10 mm proptotic. A firm, 
nontender mass was present in the left 
superonasal orbit (Fig 1). Upgaze and right 
gaze were restricted. Pupillary, anterior 
segment, and fundus examination results 
were normal. Intraocular pressure was 18 
mm Hg OU by applanation. 

Pertinent laboratory findings were as fol- 
lows: hematocrit, 0.29; hemoglobin, 96 g/L; 
and white blood cell count, 6.5x 10°/L. 
Electrolyte analysis showed sodium of 136 
mmol/L (normal range, 135 to 145 mmol/L); 
potassium, 3.3 mmol/L (normal range, 3.5 
to 5.0 mmol/L); calcium, 2.27 mmol/L (nor- 
mal range, 2.12 to 2.62 mmol/L); phospho- 
rus, 0.65 mmol/L (normal range, 0.81 to 
1.45 mmol/L); creatinine, 680 pmol/L (nor- 
mal range, 53 to 115 pmol/L); magnesium, 
1.16 mmol/L (normal range, 0.75 to 1.00 
mmol/L); and alkaline phosphatase, 582 U/L 
(normal range, 33 to 110 U/L). The patient's 
serum protein level was 57 g/L (normal 
range, 60 to 80 g/L); albumin, 38 g/L (nor- 


mal range, 34 to 53 g/L); bilirubin, 8.55 
pmol/L (normal range, 1.71 to 20.52 
umol/L); uric acid, 238 jumol/L (normal 
range, 125 to 380 mol/L); and parathyroid 
hormone N-terminal, 1457 kg/L (normal, 
100 kg/L). Blood and spinal tap cultures 
were negative. 

Roentgenography of the orbit showed 
obscuration of the left innominate line by a 
radiolucent lesion; bony destruction was 
also apparent. Computed tomography dem- 
onstrated a well-circumscribed large mass 
in the area of the left frontoethmoid sinuses 
that extended into the superior nasal orbit 
displacing the globe inferotemporally (Figs 
2 and 3). Erosion of the anterior and poste- 
rior table of the frontal sinus extended into 
the anterior cranial fossa. A computed 
tomographic scan of the mandible showed a 
lytic area in the anterior mandible. Magnet- 
ic resonance imaging offered no additional 
information. 

The patient underwent a diagnostic biop- 
sy via an internal ethmoidectomy that re- 
vealed a brown tumor, characterized by the 
presence of numerous osteoclastic-type gi- 
ant cells in a fibrovascular background with 
hemosiderin deposition (Fig 4). A definitive 
procedure through a semicircular incision 
from the medial brow to below the medial 
canthal tendon allowed excellent exposure 
to remove the tumor in toto (Fig 5). The 
tumor was peeled from the dura since it had 
eroded the frontal sinus tables, and was 
dissected off the periorbita. After surgery, 
the proptosis was totally reduced and the 
diplopia resolved (Fig 6). Approximately 6 
weeks later, a subtotal parathyroidectomy 
was performed in which the residual para- 
thyroid gland was implanted into the pec- 
toralis major muscle. 


COMMENT 


Brown tumor occurs most commonly 
in the ribs, clavicle, pelvic girdle, and 
mandible.” The disease is characterized 
by bone pain and pathologic fracture. 
In the five previously reported cases, 
the age at diagnosis of orbital brown 
tumor ranged from 7 to 70 years; most 
patients were seen in the second de- 
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cade of life. Presenting symptoms in- ing. Our patient complained of diplo- involvement of the nasolacrimal duet 
clude a palpable mass, pain, proptosis, pia, proptosis, and pain. Although area, our patient did not manifest nasal 
diplopia, nasal obstruction, and tear- computed tomography suggested the obstruction or epiphora. The maxillary 
bone is most commonly involved in the 
orbital area, but the ethmoid and fron- 
tal bones may also be involved, as was 
noted in our patient. In our initial 
examination we overlooked a mass in 
the mandibular area. Subsequent 
roentgenographic studies of the mandi- 
ble demonstrated a lytic lesion. 
Laboratory determination of elevat- 
ed serum calcium, decreased phos- 
phate, elevated alkaline phosphatase, 
and increased parathyroid hormone 
levels is crucial for diagnosing hyper- 
parathyroidism.’ Chronic renal failure 
results in decreased phosphate excre- 
tion, hyperphosphatemia, and hypocal- 
cemia. These factors are believed to 
T : a i play a role in secondary hyperparathy- 
Fig 1.— Patient with 10 mm of proptosis and fullness in the left superior nasal orbit. roidism by leading to chronic stimula- 
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Fig 2.— Axial computed tomographic scan shows a circumscribed Fig 3.— Coronal computed tomographic scan shows the mass eroding 
mass in the left frontoethmoid sinus impinging on the left medial rectus into the anterior and posterior table of the frontal sinus, extending into 
muscle. the antericr cranial fossa. 

Fig 4.—Photomicrograph shows prominent osteoblastic and osteoclastic activity (double- Fig 5.—A semicircular incision extending 
headed arrow), with intertrabecular fibrovascular proliferation and hemorrhage. Numerous from beneath the left brow into the medial 
osteoclastic-type giant cells are seen on the right (arrows) (hematoxylin-eosin, original magnifi- canthal area is shown, exposing a large mass 
cation x 50). that extends into the frontoethmoid sinuses. 
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Fig 6.—Postoperative appearance, with reduction of proptosis and superior nasal fullness. 


tion of parathyroid hormone secretion 
and secondary hyperplasia of the para- 
thyroid gland. 

The constantly elevated parathyroid 
hormone levels contribute to bone dis- 
ease and to the other clinical features 
of chronic renal failure. Parathyroid 
hormone effectively results in in- 
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creased osteoclastic activity with re- 
sorption of bone and intertrabecular 
fibrosis. With progression of bone re- 
sorption, microfractures and microhe- 
morrhages occur, hemosiderin-laden 
macrophages accumulate, and numer- 
ous osteoclastic-type multinucleated 
giant cells are present in a background 
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of fibrovascular stroma.’ The hemosid- 
erin pigment deposits can be promi- 
nent and impart a brown color to the 
tumor. The histopathologic differential 
diagnoses include giant-cell tumor, gi- 
ant-cell reparative granuloma, and an- 
eurysmal bone cysts; these are distin- 
guished clinically from brown tumor by 
the absence of metabolic alteration of 
hyperparathyroidism. Radiologic stud- 
ies show patchy demineralization of 
bone (moth-eaten appearance), erosion 
of outer and inner cortical surfaces, 
fractures, and locally destructive le- 
sions." Treatment is excision of the 
tumor followed by exploration and re- 
moval of the parathyroid. Prognosis is 
excellent. 

As more patients undergo long-term 
hemodialysis treatment, we may en- 
counter patients with secondary hy- 
perparathyroidism more frequently. In 
patients with clinical manifestations of 
primary or secondary hyperparathy- 
roidism, brown tumor should be con- 
sidered in the differential diagnosis of 
orbital masses. 
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Erdheim-Chester Disease 


A Report of Two Cases 
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Jerry A. Shields, MD; Zeynel A. Karcioglu, MD; Carol L. Shields, MD; Ralph C. Eagle, MD; Stephen Wong, MD 


e Erdheim-Chester disease is an idio- 
pathic condition characterized by infiltra- 
tion of the heart, lungs, retroperitoneum, 
bones, and other tissues by a fibrosing 
xanthogranulomatous process com- 
posed of xanthomatous histiocytes and 
Touton giant cells. This condition is of- 
ten fatal, with death due to cardiomyopa- 
thy, severe lung disease, or chronic renal 
failure. Ocular findings with this poten- 
tially fatal disease are rare. We report the 
clinical and histopathologic findings in 
two cases of bilateral xanthelasmas and 
bilateral orbital infiltrates in association 
with Erdheim-Chester disease. The first 
patient was a 38-year-old man with car- 


Ej rdheim-Chester disease is a rare 

idiopathie condition characterized 
by infiltration of bones, heart, lungs, 
retroperitoneum and other tissues by a 
fibrosing process containing xanthoma- 
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diovascular and renal disease and se- 
vere retroperitoneal fibrosis. The mas- 
sive orbital infiltration produced bilateral 
blindness. The second patient was a 77- 
year-old man with severe cardiovascular 
disease and retroperitoneal fibrosis. The 
diagnosis was confirmed in both patients 
with retroperitoneal and orbital biopsies. 
Both patients had the unusual occur- 
rence of bilateral xanthelasmas with bi- 
lateral, diffuse orbital masses, eye find- 
ings that should alert the clinician to the 
possibility of this serious systemic 
disease. 
(Arch Ophthalmol. 1991;109:850-854) 


tous histiocytes and often multinucle- 
ated giant cells of the Touton type." 
To our knowledge, no recognized ocu- 
lar manifestations of Erdheim-Chester 
disease were reported until 1983 when 
Alper et al described two patients 
with bilateral orbital involvement. 
They indicated that none of the 47 
previously reported cases had ocular 
or orbital manifestations. To our 
knowledge, there have been no subse- 
quent reports of orbital involvement 
with Erdheim-Chester disease. We re- 
port our experience with two addition- 
al cases of orbital and eyelid involve- 
ment with Erdheim-Chester disease 
and expand on the ophthalmic manifes- 
tations and differential diagnosis of 
this potentially fatal condition. 


REPORT OF CASES 


CASE 1.—A 38-year-old man was re- 
ferred to the Tulane University Medical 
Center, New Orleans, La, in September 


1985 because of bilateral proptosis. He had 
a 3-year history of slowly progressive pro- 
trusion of both eyes and progressive bilat- 
eral visual loss of 6 months’ duration. He 
had been treated for labile hypertension 
and renal dysfunction since 1977. As part of 
his evaluation for renal disease, the patient 
had undergone an exploratory laparotomy 
with a retroperitoneal biopsy in 1981; the 
histopathologic diagnosis was retroperito- 
neal fibrosis. The patient was treated with 
systemic corticosteroids for 6 months. 

Ocular examination revealed a visual acu- 
ity of light perception in the right eye and 
no light perception in the left eye. Both 
pupils were 6 mm in diameter; the right 
pupil showed a trace reaction and the left 
pupil failed to react to light. 

Multiple xanthelasmas were present on 
the eyelids and periorbital skin bilaterally, 
particularly in the upper eyelids. The pa- 
tient had bilateral proptosis (Fig 1), with 
Hertel exophthalmometry readings of 29 
mm OD and 28 mm OS and severe limita- 
tion of ocular motility in all fields of gaze. 

Slit-lamp examination revealed clear cor- 
neas with normal anterior chambers. In- 
traocular pressures measured with applana- 
tion tonometry were 20 mm Hg OU. 
Ophthalmoscopy disclosed severe bilateral 
optie dise edema with peripapillary hemor- 
rhages and retinal and choroidal folds. 

The chest roentgenogram showed bilater- 
al pleural thickening and healed rib frac- 
tures. Computed tomography of the orbit 
demonstrated bilateral, diffuse orbital 
masses occupying the entire orbital cavity 
bilaterally (Fig 2). The patient’s serum cho- 
lesterol level was normal at 4.5 mmol/L, but 
the triglyceride level was elevated at 
2.97 mmol/L (normal range, 0.53 to 
1.75mmol/L). Other laboratory values, in- 
cluding those of thyroid function studies, 
were within normal limits. à 

The patient underwent a right lateral 
orbitotomy, and an infiltrating, yellowish- 
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Fig 1.—Case 1. Photograph of patient showing bilateral proptosis and 
xanthelasmas in medial canthal area and superonasal aspects of both 


upper eyelids. 


white, rather necrotic mass was removed in 
a piecemeal fashion. Histopathologic assess- 
ment revealed a diffuse xanthogranuloma- 
tous process composed of clusters of lipid- 
laden histiocytes. Nests of these xanthoma 
cells were haphazardly partitioned by dense 
fibrous septa that extended into the adipose 
tissue of the orbit. Focal infiltrates of lym- 
phocytes and plasma cells and numerous 
Touton giant cells (Fig 3) were scattered 
throughout the lesion, particularly around 
the areas of necrosis. Minute foci of calcifi- 
cation were also present within necrotic 
zones. The oil red O stain for fat was 
strongly positive, but other special stains 
for bacteria, fungi, and acid-fast organisms 
were negative. Immunohistochemical stain- 
ing for S100 antibodies was slightly posi- 
tive, but tissue could not be obtained for 
additional histochemical studies. Immuno- 
histochemical staining of anti-T6 antibodies 
could not be performed because of technical 
diffieulties. Electron microscopy failed to 
disclose Birbeck's granules characteristic of 
Langerhans’ cell histiocytosis. ^ 

In view of the histopathologic appearance 
of the orbital biopsy specimen, the diagno- 
sis of Erdheim-Chester disease was consid- 
ered and the previous biopsy specimen from 
the retroperitoneal area was reviewed and 
found to be identical to the orbital lesion. 
Further studies were performed to deter- 
mine the extent of the multisystem disease. 
Roentgenograms of the femur, tibia, and 
humerus showed bone destruction with 
patchy increase in density and coarsening 
and irregularity of the trabeculae of the 
metaphysis and diaphysis. The epiphyses of 
the involved bones were spared. The bony 
changes were consistent with Erdheim- 
Chester disease. A technetium bone scan 
demonstrated increased symmetrical activi- 
ty in both humoral and femoral heads. 
Serum protein electrophoresis revealed hy- 
poalbuminemia with no paraproteinemia. 
The lipid analysis performed on the tissue 
obtained from the orbit revealed fewer tri- 
glycerides but more phospholipids than in 
the control adipose tissue obtained from the 
patient. 

Following the right orbitotomy and de- 
bulking procedure, the patient was dis- 
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charged with a visual acuity of light percep- 
tion in the right eye; on subsequent visits, 
however, he could not perceive light. The 
proptosis and pain decreased considerably, 
prompting the patient to request the same 
procedure on the other orbit. He underwent 
a debulking procedure with a similar de- 
crease of proptosis and pain on the left side, 
but the visual acuity remained at no light 
perception. The patient died in September 
1986 of renal and cardiovascular failure. 

CASE 2.—A 77-year-old white man was 
referred to the Ocular Oncology Service at 
Wills Eye Hospital, Philadelphia, Pa, in 
December 1988 because of proptosis of his 
left eye. He had been aware of painless 
progressive proptosis of the left eye for 
about 4 weeks. Six weeks earlier, a juxta- 
papillary subretinal neovascular membrane 
in the left eve had been treated with laser 
photocoagulation. 

The patient had hypertension that was 
controlled with medication. He had suffered 
a myocardial infarction 2 years earlier. Ap- 
proximately 1 year before presentation he 
underwent an exploratory laparotomy and 
colectomy for “diverticulitis.” A biopsy of 
dense fibrotic retroperitoneal tissue dis- 
closed “fibrous tissue and fat,” but a specific 
histopathologic diagnosis was not made. 

Examination on the Oncology Service re- 
vealed corrected visual acuities of 6/9 OD 
and 6/7.5 OS. Applanation intraocular pres- 
sures were 24 mm Hg OD and 22 mm Hg 
OS. The external ocular examination dis- 
closed bilateral xanthelasmalike lesions in- 
volving the upper and lower eyelids, most 
pronounced in the medial aspects of both 
upper eyelids (Fig 4). Hertel exophthalmo- 
metry revealed readings of 20 mm OD and 
25 mm OS. There was slight restriction of 
supraduction of the left eye, but ductions 
and versions were otherwise normal. The 
results of slit-lamp biomicroscopy were un- 
remarkable. Fundus examination revealed 
only a focus of proliferation of the retinal 
pigment epithelium temporal to the optic 
dise in the left eye, corresponding to the 
prior laser treatment. 

Systemic examination showed a large 
subeutaneous lipoma measuring about 15 
em in diameter in the triceps area of the left 
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Fig 2.— Case 1. Computed tomographic scan of orbits showing bilat- 
eral, diffuse, homogeneous orbital masses. 





Fig 3.—Case 1. Photomicrograph of orbital 
biopsy specimen showing lipid-laden histio- 
cytes. Arrow indicates Touton giant cells (he- 


matoxylin-eosin, original ^ magnification 


x 200). 


arm. No other general physical abnormali- 
ties were present. 

A complete blood cell count and serum 
levels of cholesterol, triglycerides, high- 
density lipoproteins, and low-density lipo- 
proteins were all within normal limits. 
Chest roentgenography revealed a subtle 
osteolytic lesion in the head of the right 
humerus. Orbital computed tomography 
showed bilateral, lobulated, infiltrative, in- 
traconal and extraconal orbital masses that 
enhanced slightly with contrast (Fig 5). On 
the basis of the computed tomographie 
scan, the differential diagnosis included in- 
flammatory pseudotumor, lymphoma, and 
metastatic carcinoma involving both orbits. 
Based on the patients medical history, 
physieal findings, ocular findings, and 
roentgenographic and computed  tomo- 
graphic findings, however, we strongly sus- 
pected the diagnosis of Erdheim-Chester 
disease. 

A left superior orbitotomy was per- 
formed via an eyelid crease incision. An 
irregular, firm, yellow-white mass was en- 
countered and a wedge biopsy specimen 
was removed. A large xanthelasma was also 
resected from the left upper eyelid. Some of 
the tissue was submitted fresh for frozen- 
section analysis and some was fixed in 
formaldehyde solution. 
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better depicting the xanthelasmas (arrows). 


Microscopic examination of the eyelid le- 
sion revealed a diffuse infiltrate of foamy 
histiocytes in the dermis that was consis- 
tent with xanthelasma (Fig 6). Some of the 
histiocytes were quite large and multinucle- 
ated. Marked solar elastosis of the dermis 
was also present. 

Microscopic examination of the orbital 
biopsy specimen disclosed a sclerosing, 
chronic, inflammatory infiltrate that con- 
tained sheets of histiocytes with abundant, 
clear, vacuolated cytoplasm (Fig 7). Oil red 
O stains performed on frozen sections con- 
firmed that the foamy histiocytes in both 
the eyelid and orbital biopsy specimens 
were xanthoma cells that contained large 
quantities of lipid. Scattered foci of chronic 
inflammatory cells, mainly lymphocytes and 
plasma cells, were also present. Results of 
special stains for bacteria, fungi, and acid- 
fast organisms were negative. Review of 
the patients prior retroperitoneal biopsy 
specimen disclosed an identical fibrosing 
xanthogranulomatous process that con- 
tained numerous lipid-laden histiocytes and 
occasional Touton giant cells (Fig 8). 

Immunohistochemical staining of the par- 
affin-embedded tissue showed slight focal 
immunoreactivity in the foam cells to S100 
antibodies, lysozymes, and a-chymotrypsin. 
Immunohistochemical staining of anti-T6 
antibodies could not be performed because 
of technical difficulties. Electron microsco- 
py failed to disclose Birbeck’s granules 
characteristic of ^ Langerhans’ cell 
histiocytosis.~” 

The final histopathologic diagnosis was 
orbital xanthogranulomatosis, compatible 
with our clinical diagnosis of Erdheim- 
Chester disease. Two years after undergo- 


852 Arch Ophthalmol— Vol 109, June 1991 


Fig 4.— Case 2. Top, Photograph showing bilateral proptosis, more 
pronounced on the left side. Bottom, Photograph with eyelids closed, 
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Fig 5.—Case 2. Computed tomographic scans (top, axial; bottom, 
coronal) showing diffuse, irregular orbital masses. 
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Fig 6.— Case 2. Photomicrograph of eyelid lesion showing lipid-laden histiocytes in the dermis 


(hematoxylin-eosin, original magnification x 100). 


ing the orbital biopsy, the patient was alive 


but suffering from severe cardiovascular 


disease. 


COMMENT 


In 1930, Chester,’ working with the 
Viennese pathologist Erdheim, de- 
scribed two patients with an unusual 
lipidosis showing distinctive bone 
changes. In 1964, Sorensen’ described 
one patient with similar radiographic 
and histologic alterations in bone. In 


1972, Jaffe" contributed another case 
and termed the condition Erdheim- 
Chester disease. In 1979, Simpson and 
associates’ reported the autopsy find- 
ings of a patient with similar bone 
changes and retroperitoneal xantho- 
granuloma, and stressed that retroper- 
itoneal xanthogranuloma was an im- 
portant feature of Erdheim-Chester 
disease. They indicated that 36 cases 
had been reported before 1976. Erd- 
heim-Chester disease is now recog- 
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nized to be an idiopathic systemic 
disorder characterized by the involve- 
ment of viscera, bone, subcutaneous 
tissues, and other organs by a scleros- 
ing xanthogranulomatous process. In 
many instances, the disease is relent- 
lessly progressive and often fatal due 
to renal or cardiovascular complica- 
tions. Both of our patients had biopsy- 
proved retroperitoneal fibrosis prior to 
the recognition of the orbital involve- 
ment. In retrospect, the diagnosis of 
Erdheim-Chester disease could proba- 
bly have been made from these retro- 
peritoneal biopsy specimens. 

There were no recognized ocular 
manifestations of Erdheim-Chester 
disease until 1983 when Alper et al 
described two patients with bilateral 
orbital involvement. They indicated 
that none of the 47 previously reported 
cases had been noted to have ocular or 
orbital manifestations. In the occasion- 
al case with symptomatic orbital in- 
volvement, there is bilateral, diffuse 
soft-tissue infiltration that may lead to 
ocular motility disturbances and se- 
vere visual loss due to compressive 
optic neuropathy, as occurred in our 
first patient. Affected patients may 
also have bilateral, atypical, xanthelas- 
malike lesions in or around the eyelids, 
as occurred in both of our cases. 

Histopathologically, the orbital and 
extraorbital lesions of Erdheim-Ches- 
ter disease are characterized by broad 
sheets of xanthoma cells with scat- 
tered foci of chronic inflammatory 
cells, mostly lymphocytes and plasma 
cells. A marked degree of fibrosis is 
usually found. The xanthogranuloma- 
tous infiltration often contains multi- 
nucleated Touton giant cells. The 
xanthoma cells are lipid-laden histio- 
cytes that have small, round nuclei and 
abundant clear or vacuolated cyto- 
plasm. During routine tissue process- 
ing, the cytoplasmic lipid is dissolved 
with fat solvents, such as xylene. In 
our two cases, the oil red O stains 
performed on the fresh-frozen tissue 
were markedly positive, confirming 
that the vacuolated cells did contain 
fat. The histopathologic features of the 
xanthelasma were quite similar to 
those of the orbital infiltrate. 

From the clinical standpoint, the dif- 
ferential diagnosis of orbital involve- 
ment with Erdheim-Chester disease 
includes other conditions that can pro- 
duce bilateral orbital infiltration and 
proptosis. Thus, one should consider 
the possibility of dysthyroid orbito- 
pathy, idiopathic orbital inflammation 
(so-called inflammatory pseudotumor), 
lymphoma, metastatic carcinoma, and 
Langerhans’ cell histiocytosis (histio- 
eytosis X)." Most of these conditions 
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Fig 7.— Case 2. Photomicrographs of orbital biopsy specimen showing dense fibrosis (top) and 
lipid-laden histiocytes and scattered, chronic inflammatory cells (bottom) (hematoxylin-eosin, 
original magnification x 100 [top], x 300 [bottom]). 
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Fig 8.—Case 2. Photomicrograph of retroperitoneal biopsy specimen showing lipid-laden 
histiocytes. The arrows indicate a Touton giant cell (hematoxylin-eosin, original magnification 
x 200). 
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can be readily diagnosed on the basis 
of clinical examination and biopsy stud- 
ies. Dysthyroid orbitopathy, which 
shows characteristic findings on orbital 
computed tomography, is usually bilat- 
eral, whereas idiopathic orbital inflam- 
mation, orbital lymphoma, and orbital 
metastatic carcinoma are more typical- 
ly unilateral. None of these conditions 
is typically associated with xanthelas- 
mas. The patients described by Alper 
et al' and our two patients with Erd- 
heim-Chester disease with ocular in- 
volvement had bilateral orbital infil- 
trates and bilateral xanthelasmas. The 
other conditions mentioned above also 
lack the characteristic osseous, pulmo- 
nary, cardiac, and retroperitoneal infil- 
trations that characterize Erdheim- 
Chester disease. Langerhans’ cell 
histiocytosis characteristically occurs 
in younger children and may take the 
clinical forms of the Hand-Schiiller- 
Christian disease, Letterer-Siwe dis- 
ease, or eosinophilic granuloma.” The 
xanthelasmas do not typically occur in 
patients with Langerhans’ cell 
histiocytosis. 

An aggressive form of histiocytosis 
X was recently described in a 43-year- 
old man.* The patient had visceral and 
central nervous system findings simi- 
lar to those seen in patients with 
Hand-Schiiller-Christian disease. 
There was no description of long bone 
involvement as seen in Erdheim-Ches- 
ter disease. 

Histopathologically, Erdheim-Ches- 
ter disease must be distinguished from 
other disorders, such as juvenile 
xanthogranuloma and necrobiotic 
xanthogranuloma, that produce infil- 
tration of tissues by lipogranulomatous 
inflammation and may contain Touton 
giant cells. Juvenile xanthogranuloma 
is found in young children who usually 
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have characteristic cutaneous lesions. 
Orbital involvement in juvenile xanth- 
ogranuloma is rare and usually unilat- 
eral" Both of our patients were 
adults with bilateral disease. Necro- 
biotic xanthogranuloma characteristi- 
cally occurs in patients who have sys- 
temic monoclonal gammopathies and 
plasma cell dyserasias.^" Microscopi- 
cally, one observes necrobiotic foci sur- 
rounded by palisading zonal granulo- 
mata | composed of epithelioid 
histiocytes and other inflammatory 
cells, including xanthoma cells and 
Touton giant cells. Necrobiosis is not 
observed in Erdheim-Chester disease, 
and the pattern of the granulomatous 
inflammatory infiltrate is diffuse rath- 
er than zonal. 

Erdheim-Chester disease must also 
be distinguished  histopathologiecally 
from idiopathic inflammatory pseudo- 
tumor, a fairly common orbital lesion 
that is frequently bilateral. Extensive 
fibrosis and foci of chronic inflamma- 
tory cells, including lymphocytes and 
plasma cells, are found in both disor- 
ders. Sheets of xanthoma cells and 
occasionally Touton giant cells occur 
only in Erdheim-Chester disease and 
are the features that distinguish this 
disorder from chronie sclerosing in- 
flammatory pseudotumor. 

From a histopathologic standpoint, 
Erdheim-Chester disease is somewhat 
difficult to categorize and its relation- 
ship to other histiocytic disorders, 
such as Langerhans’ cell histiocytosis, 
remains uncertain. With electron mi- 
croscopy, we did not detect Birbeck's 
granules, which are characteristic of 
Langerhans’ cells. Furthermore, we 
were unable to perform immunohisto- 
chemical staining for anti-T6 antibod- 
ies, which is said to be a marker for 
Langerhans’ cells.” Therefore, the cell 
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of origin in Erdheim-Chester disease 
remains speculative. It is possible that 
Erdheim-Chester disease and Langer- 
hans cell histiocytosis may be part of a 
spectrum of histiocytic disorders of 
immunoregulation. 

Our patients, like most with Erd- 
heim Chester disease, had normal plas- 
ma lipid levels. Therefore, the infiltra- 
tion of multiple tissues by a 
xanthogranulomatous process is diffi- 
cult to explain. It has been postulated 
that patients with Erdheim-Chester 
disease may have a disturbance in his- 
tiocyte metabolism in which lipids are 
imbibed in excessive amounts and can- 
not be dispatched or destroyed.’ 

Although most patients with Erd- 
heim-Chester disease do not have ocu- 
lar involvement, the unusual occur- 
rence of bilateral xanthelasmas and 
bilateral, diffuse orbital masses is 
highly suggestive of Erdheim-Chester 
disease. This unusual association 
should alert the ophthalmologist to this 
potentially serious systemic disease 
and prompt an evaluation for other 
manifestations of this condition. The 
roentgenographie findings of typical 
bone changes along with cardiovascu- 
lar disease and pulmonary and retro- 
peritoneal fibrosis should make the di- 
agnosis even more likely. 

Other than symptomatic treatment, 
no specific management for this condi- 
tion eurrently exists. Patients may 
have a slight response to systemic 
corticosteroids, but such therapy does 
not seem to be highly effective since 
the disease is relentless in its ophthal- 
mic and systemic course. 
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Facial Cleanliness and Risk of Trachoma in Families 


Sheila K. West, PhD; Nathan Congdon, MPhil; Sidney Katala, NO; Lisa Mele, SeM 


e Trachoma is the leading infectious 
cause of blindness worldwide, and epi- 
demiologic studies of factors that may 
increase the transmission of ocular Chla- 
mydia trachomatis are needed. In two 
villages in a hyperendemic area of Cen- 
tral Tanzania, 472 (90%) of 527 pre- 
school-aged children were examined for 
specific signs of unclean faces and pres- 
ence of trachoma. The odds of trachoma 
were 70% higher in children with flies 
and nasal discharge on their faces. Other 
facial signs were not important. In large 
families, the odds of trachoma increased 
4.8-fold if a sibling had trachoma and 6.8- 
fold if a sibling had trachoma and an 
unclean face. Health education strate- 
gies aimed at improving face washing 
need to target cleaning nasal discharge 
and keeping flies off children's faces. 

(Arch Ophthalmol. 1991:109:855-857) 


Trachoma is the leading infectious 

cause of blindness, with an estimat- 
ed 500 million people affected world- 
wide and 7 to 9 million people having 
lost sight." Trachoma is caused by in- 
fection with Chlamydia trachomatis, 
and in hyperendemic areas repeated 
cycles of infection may lead to the 
blinding sequelae.” Areas in which tra- 
choma is prevalent are characterized 
by families with low socioeconomic sta- 
tus, poor water supplies, and subopti- 
mal hygiene practices.** There is much 
interest in identifying factors that may 
increase the transmission of trachoma 
within families and communities in 
these hyperendemic areas. Research 
has suggested that active, inflamma- 
tory trachoma is more common in chil- 
dren with “unclean” faces than in chil- 
dren with “clean” faces." However, 
the components of the unclean face 
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that increase the risk of trachoma have 
not been identified. Moreover, al- 
though intrafamilial transmission ap- 
pears to be an important source of 
reinfection, little is known about the 
factors within families that may con- 
tribute to sharing infection. 

The aims of this study were to deter- 
mine the elements of an unclean face 
that were important to the risk of 
trachoma in a child, and to examine the 
relationship of trachoma status and 
facial cleanliness of the siblings to the 
risk of trachoma in a child. 


SUBJECTS AND METHODS 


Four trained interviewers underwent in- 
terobserver trials for the reliability of ob- 
serving signs of facial cleanliness. A series 
of 25 children were presented to all four 
observers at the same time for simulta- 
neous assessment. The observers graded 
the signs independently, and the x statistic 
was used to determine the level of 
agreement. 

Two villages were selected for study in 
the trachoma-hyperendemic region of 
Kongwa, Tanzania. These villages had not 
been part of the random sample of villages 
for the previous trachoma survey. Each 
village consisted of several geopolitical 
units called “balozi,” each consisting of ap- 
proximately 10 houses. Four clusters of 
four balozis each were selected randomly in 
each village to ensure that a total of approx- 
imately 500 children aged 1 to 7 years were 
included in the study. All houses with pre- 
school-aged children in the selected balozi 
were eligible for the study. 

A census was conducted of each house in 
the selected balozis. Age and sex informa- 
tion was collected for all children in the 
eligible houses. Four trained interviewers 
observed all selected children for the pres- 
ence or absence of “sleep” in the eye, nasal 
discharge, food on the face, dust on the 
face, and flies on the face during a 3-second 
interval. The interviewers asked the moth- 
ers to permit them to verify the ages of all 
children by sight, and were trained to unob- 
trusively examine the facial signs so as not 
to promote face-washing behavior at the 
time of the visit. At the end of the visit, the 
mother was given a special card allowing 
her to bring the children to a central site in 
the village for the ocular examination. 

The children were subsequently graded 
for trachoma by one experienced examiner 


using the World Health Organization sim- 
plified grading scheme.” A child had active 
follicular trachoma (TF) if five or more 
follicles greater than 0.5 mm each were 
present, and severe disease (TI) if more 
than 50% of the normal deep tarsal vessels 
were obscured. Children with severe dis- 
ease were treated with topical tetracycline 
eye ointment. 

Data were entered on a microcomputer 
(Toshiba 1200, Toshiba America, Irvine, 
Calif) in the field and analyzed on a comput- 
er in Baltimore, Md (Microvax 3600, Digital 
Equipment Corp, Maynard, Mass) The x 
statistic was used to determine the interob- 
server agreement on assessing facial char- 
acteristics.” Statistical Analyses System 
(SAS) programs for contingency tables and 
logistic regression analyses were used to 
model the risk of trachoma in a child associ- 
ated with various elements of a clean face. 
Analyses of family characteristics were re- 
strieted to households with at least two 
preschool-aged children. 

Study procedures for informed consent 
were approved by The Johns Hopkins Joint 
Committee on Clinical Investigation in ac- 
cordance with legal requirements govern- 
ing human volunteers. 


RESULTS 


The interobserver reliability of de- 
tecting the presence and absence of 
each facial sign was good, with mean K 
values ranging from .6 to .8 (Table 1). 
Complete observations and trachoma 
assessment were obtained for 472 
(90%) of 527 children eligible for the 
study. There were no differences in 
age, sex, or facial characteristies be- 
tween those 44 children who did not 
have trachoma assessment and the 472 
who did. Only eight children (1.5%) 
were not available for either the obser- 
vations or the trachoma assessment. 

Forty-five percent of the children in 
the sample were aged 1 to 3 years and 
51% were female (Table 2) Active 
trachoma (TF and/or TI) was present 
in at least one eye in 56% of the 
children. The frequency of signs of 
facial uncleanliness ranged from a low 
of 4096 of children with food on the face 
to 7096 of children with dusty faces 
(Table 3). Only 50 children (10.6%) had 
faces that were clean of all signs; 41 
children (8.796) had only one sign, and 
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Table 4.—Family Characteristics of Children With One or 


Table 1.—Interobserver Reliability in Grading Facial 
More Siblings Aged 1 to 7 Years 


Characteristics 


No. of % of % of 


Children in Children With Children with 
Trachoma a Clean Face”* 


54 19 
52 16 


* Defined as the absence of nasal discharge and flies. 


Ocular discharge .80 


Nasal discharge .79 


Dust .59 


Food .59 
Flies on face .63 


Table 2.—Trachoma Status by Age and Sex 


No. of % of Children 
Children with TF and/or TI’ 





Table 5.—Odds of Trachoma in 224 Children in Families With 
Three or More Preschool-Aged Children 





95% 
Confidence 
Interval 

Flies and nasal discharge 1.1-3.7 


2.1 
Sibling with trachoma alone 4.8 1.6-14.1 


Sibling with trachoma and unclean face 6.8 3.3-13.9 





Variable 
Age, y 





Variable 








.80 





| Child's Face Clean, 


*TF indicates active follicular trachoma; and TI, severe follicular trachoma. 72 1 
. No Risk from Sibling 
E Child's Face Dirty, — 
64 WEM No Risk from Sibling 





| Child's Face Clean, 
3 Sibling Trachoma Only © 
773 Child's Face Clean, 
— Sibling Trachoma - 
and Dirty Face 


Table 3.—Facial Characteristics and Odds of Trachoma in 
472 Children Aged 1 to 7 Years 






.56 





Age-Adjusted 
Odds Ratio 






.48 










% of (95% [_] Shilt's Face Dirty, - 
Children With Confidence Sibling Trachoma - 
Facial Sign Facial Sign Interval) 5 





40 — | | . and Dirty Face 


Flies on face Tos (0.93-2.00) 
1-2 49 


>2 14 
Nasal discharge and flies 54 1.74 (1.19-2.55) 







32 






Estimated Probability of Disease 


.24 





Estimated probability of active trachoma in 
224 children in families with three or more 0 


i 





preschool-aged children. 


the rest of the children had two or 
more signs. The age-adjusted odds ra- 
tio of trachoma was highest in children 
with nasal discharge (1.31) and chil- 
dren with flies on the face (1.37) (Table 
3). There was no trend of increasing 
risk with increasing numbers of signs 
on the face, indicating that specific 
signs were important, not the absolute 
number of signs for an unclean face. 
However, the highest odds occurred in 
children with nasal discharge and flies 
on the face (1.74). 

Of the 472 children, 402 resided in 
households in which more than one 
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child aged 1 to 7 years were present 
(Table 4). The rates of trachoma and 
the proportion of children with unclean 
faces did not vary by sibship size. The 
odds of trachoma in these children 
were examined using as explanatory 
factors the presence of flies and nasal 
discharge on the child’s face, the pres- 
ence of a sibling with trachoma, the 
presence of a sibling with an unclean 
face, and the presence of a sibling with 
both trachoma and an unclean face. In 
these families, the presence of flies and 
nasal discharge on the child’s face dou- 
bled the odds of trachoma (data not 


Child and Sibling Status 


shown). The presence of a sibling with 
an unclean face alone was not associ- 
ated with trachoma. There was no 
difference in the increased odds of 
trachoma if the sibling had trachoma 
alone or trachoma with an unclean 
face; in both cases, the odds of tracho- 
ma in the child increased fourfold. 
Households with three or more pre- 
school-aged children might be ex- 
pected to be sites of intense sharing of 
infectious diseases. In fact, regression 
analyses in these families revealed that 
the presence of nasal discharge and 
flies on the face increased the odds of 


Trachoma—West et al 


( 


trachoma in the child twofold (Table 5). 
The risk also increased if a sibling had 
trachoma alone, although the 4.8-fold 
increase was similar to that observed 
in all families. However, the odds al- 
most doubled to sevenfold if the sibling 
had trachoma plus an unclean face. The 
Figure shows the predictive probabili- 
ty of active trachoma for a child in 
these families according to the cleanli- 
ness of the child's face and the siblings 
characteristics. The highest probabili- 
ty, .72, occurred for children with an 
unclean face whose siblings had tracho- 
ma and unclean faces. 


COMMENT 


Trachoma appeared to be associated 
with very specific characteristics of an 
unclean face in this population. Dust, 
food on the face, or "sleep" in the eye 
were not important explanatory fac- 
tors. The combination of nasal dis- 
charge and flies on the child's face 
increased the odds of trachoma almost 
twofold. This finding was independent 
of the trachoma status of the siblings. 

The importance of  extraocular 
sources of Chlamydia for the reinfec- 
tion cycle of trachoma is being studied, 
and these data provide some support 
for nasal secretions as a possible site. 
The importance of extraocular infec- 
tion with C trachomatis in cases of 
perinatal transmission has come to be 
well understood since the early work of 
Schachter et al" and Beem and Saxon” 
first outlined the clinical picture of 
neonatal chlamydial pneumonitis. 
Schachter and Dawson” observed that 
extraocular chlamydial infection and 
autoinoculation, particularly from the 
respiratory tract, are not only common 
in trachoma, but may be key factors in 
limiting the usefulness of mass treat- 
ment with local antibiotics. Malaty et 
al^ reported the regular recovery of 
Chlamydia from the nasopharynx, 
throat, and rectum of young children in 
trachoma-endemic areas of the Nile 
delta. 

Our data show that nasal secretions 
alone, in the absence of flies, are not 
associated with an increased risk of 
trachoma. Flies have been postulated 
as physical vectors for trachoma, and it 
may be that they are more efficient 
transmitters of infection to the ocular 
surface than the hands or clothing of 
the preschool-aged child. Thus, infec- 
tion may require both the presence of 
the extraocular site as well as the fly 
vector Another explanation for these 
data is that trachoma itself causes an 
increase in nasal secretion, which is a 


«known fly attractant. Rather than be- 


ing risk factors for infection, nasal 
discharge and flies would then be a 
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consequence of infection. These data 
were collected cross-sectionally and it 
is not possible to determine if the facial 
signs preceded the infection. It should 
be noted that such a course in a hyper- 
endemic area may be irrelevant; ocular 
infection may well seed the nasophar- 
ynx, which results in Chlamydia in 
nasal secretions that become the 
source of an ocular reinfection. 

The absence of an association be- 
tween trachoma and “sleep” in the eye 
was somewhat surprising. Severe tra- 
choma can cause ocular discharge and 
one might expect trachoma rates to be 
higher in children with material sur- 
rounding their eyes. The 60% propor- 
tion of children with this sign suggests 
that the observation encompassed 
more than just ocular discharge and, as 
such, was fairly nonspecific. Confining 
the observation to ocular discharge 
alone may result in an association with 
trachoma, although most cases of fol- 
licular trachoma in this age group were 
not accompanied by discharge. 

The presence of trachoma in the 
sibling was an important and indepen- 
dent risk factor for trachoma in a child. 
It is interesting that the risk was 
higher than the risk associated with 
the appearance of the child’s own face, 
suggesting that the sibling may be a 
more important source of infection 
than the child. Again, because of the 
limited data collected cross-sectionally, 
it is not possible to determine if the 
child infected the sibling or vice versa 
in these families. The importance of 
the sibling’s unclean face was not seen 
until the family size had increased to 
three or more preschool-aged children. 
In these large families, the odds of 
trachoma increased from almost five- 
fold for a sibling with trachoma only to 
sevenfold if the sibling had both tra- 
choma and an unclean face. A sibling's 
unclean face did not exert a similar 
additive effect to sibling trachoma sta- 
tus in small families. It may be that in 
such situations, infection of both sib- 
lings from a common playmate or other 
extrafamilial source may play a more 
significant role than  intrafamilial 
transmission per se. 

The results of this study have impor- 
tant implications for preventive health 
strategies. At least two health educa- 
tion strategies aimed at improving 
face-washing practices are being de- 
signed in an effort to decrease the 
prevalence of trachoma. These data 
suggest that targeting efforts at clean- 
ing nasal discharge and keeping flies 
off children’s faces will produce the 
largest effect. Striving to improve oth- 
er signs of facial cleanliness seems not 
to be important; for example, attempt- 


ing to keep children free of dust, espe- 
cially in these arid areas, not only is 
exhausting but appears to be irrele- 
vant to the risk of trachoma. The find- 
ings on the increased risk of trachoma 
in children whose siblings have tracho- 
ma adds to the body of evidence on the 
importance of intrafamilial transmis- 
sion of this disease. 

Clearly, any intervention strategy 
for trachoma must be aimed at the 
family level. In particular, children in 
large families seem to be at greatest 
risk of trachoma when hygiene prac- 
tices for themselves and their siblings 
are minimal. 
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Sa E E... bathed with sodium chloride and 
E . potassium chloride were maintained better than 
| corneas bathed with sodium chloride only. * 


1. Bachman WG, Wilson G. Essential ions for maintenance of the corneal epithelial surface. Invest Ophthalmol Vis Sci 
1985;26:1484-1488. The clinical significance of these in vitro data is unknown 


* Excised corneas from New Zealand white rabbits. 
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Laboratory Sciences 


A Comparative Study of Masking Fluids for 
Excimer Laser Phototherapeutic Keratectomy 


Ernest W. Kornmehl, MD; Roger F. Steinert, MD; Carmen A. Puliafito, MD 


e Several fluids of different viscosity 
were used to mask deeper tissues while 
exposing protruding irregularities during 
therapeutic keratectomy of an irregular 
anterior corneal surface with the 193-nm 
argon fluoride excimer laser. A model of 
an irregular anterior corneal surface was 
developed in deepithelialized calf eyes 
using grade 8-0 sandpaper. Therapeutic 
keratectomy was then performed on 28 
eyes at a fluence of 180 mJ/cm’, a repeti- 
tion rate of 10 Hz, and 500 pulses per eye. 
Solutions of 0.3% hydroxypropylmethyl- 
cellulose 2910 and a 0.1% dextran 70 
solution, 1% carboxymethylcellulose so- 
dium solution, or 0.996 saline solution 
were applied to the corneal surface of 21 
eyes. Seven control eyes underwent ab- 
lation without the addition of fluid. Scan- 
ning electron microscopy demonstrated 
that corneas treated with dextran 70 had 
the least surface irregularity, and those 
treated with carboxymethylcellulose or 
saline solution had intermediate surface 
irregularity. Corneas that were ablated 
without additional fluid had the greatest 
surface irregularity. The application of a 
moderately viscous solution during ther- 
apeutic excimer laser keratectomy en- 
hances the smoothing effect of surface 
ablation. 

(Arch Ophthalmol. 1991;109:860-863) 


A gon fluoride (ArF) excimer laser 

(198-nm) radiation can perform 
precise corneal ablation with submi- 
cron accuracy and minimal disruption 
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of adjacent tissue. ^ A potential appli- 
cation of the excimer laser in corneal 
surgery is anterior lamellar keratec- 
tomy to smooth an irregular corneal 
surface and to remove infectious ele- 
ments’ and dystrophies of the corneal 
epithelium and Bowman’ layer.* Other 
potential applications include trephina- 
tion for penetrating keratoplasty,’ the 
processing of donor cornea lenticules,° 
and modifying refractive errors by re- 
shaping the anterior corneal surface 
with radial cuts‘ or central graded tis- 
sue ablation.” 

A fluid can be helpful during 193-nm 
ArF excimer laser therapeutic kera- 
tectomy of an irregular corneal surface 
by masking deeper tissues while ex- 
posing protruding irregularities. Flu- 
ids with different viscosities and sur- 
face tensions may yield differences in 
the regularity of the corneal surface 
obtained after laser exposure. To eval- 
uate different solutions, a model of an 
irregular anterior corneal surface was 
developed in deepithelialized calf eyes. 
Solutions of three different viscosities 
were employed during excimer laser 
ablation, and the smoothness of the 
ablated surface was then evaluated 
with scanning electron microscopy. 


MATERIALS AND METHODS 


All experiments were performed on calf 
eyes. The calf eyes were enucleated within 
30 minutes after the animals were killed 
and were ablated within 8 hours of enucle- 
ation. All animal experiments conformed 
with the guidelines established in the Asso- 
ciation for Research in Vision and Ophthal- 
mology resolution on the use of animals in 
research. 

Twenty-eight calf eyes were deepithelia- 
lized in situ with a cotton swab that had 
been soaked in 95% ethanol. The anterior 
stromal surface was then abraded with 


grade 8-0 sandpaper. The eyes were stabi- 
lized in a donor eye holder and placed under 
the operating microscope of the 193-nm 
ArF excimer laser (Summit 2000, Summit 
Technology Ine, Watertown, Mass) The 
laser had a fluence of 180 mJ/em* and a 
repetition rate of 10 Hz, nominally remov- 
ing 0.24 um per pulse. Five hundred pulses 
were applied to each eye within an expo- 
sure disc 4 mm in diameter. Just before and 
intermittently during the ablation process, 
solutions of 0.396 hydroxypropylmethylcel- 
lulose 2910 and 0.1% dextran 70 (Tears 
Naturale II, Alcon Ophthalmics, Fort 
Worth, Tex), carboxymethyleellulose sodi- 
um (Celluvise, Allergan Pharmaceuticals, 
Irvine, Calif), or 0.9% saline (Unisol, Wes- 
ley-Jessen, Chicago, Ill) were applied to the 
ablation zone with a moistened cellulose 
microsurgical sponge. When the surface 
appeared to be drying or bubbles appeared 
in the fluid, more fluid was reapplied with 
one unidirectional stroke of the sponge 
across the surface. The rate of drying and 
bubble formation was variable within each 
group and among the different groups. Ab- 
lation was continued until 500 pulses were 
delivered. The viscosity of the fluids was as 
follows: Tears Naturale II, 6 eps; Celluvise, 
200 eps; and Unisol, 2 cps. Each solution 
was evaluated in seven different corneas, 
and seven control corneas underwent abla- 
tion without the addition of fluid. 
Immediately after completing the laser 
exposure, the globes were placed in a trial- 
dehyde fixative consisting of purified 1% 
glutaraldehyde (Sigma Chemical Co, St 
Louis, Mo), 1% paraformaldehyde (Sigma 
Chemical Co) and 1% acrolein (Fisher Sci- 
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Celluvisc 1 6 
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Fig 1.— Tears Naturale Il. A smooth “granular” surface is uniformly 
present in the ablation zone. The overall irregularity is mild (original 
magnification x 47 [top] and x 470 [bottom]). 


Fig 2.—Celluvisc. Areas with a smooth granular surface (asterisk) are 
mixed with areas of ripples and waves (star). The overall irregularity is 
intermediate (original magnification x 47 [top] and x 470 [bottom]). 
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Fig 3.—Unisol. Ripples and waves are present throughout the abla- 
tion zone. The overall irregularity is intermediate (original magnifica- 
tion x 47 [top] and x 470 [bottom]). 


Fig 4.—No fluid. Ripples and waves are severe throughout the abla- 
tion zone with more irregularity than in the specimens treated with fluid 
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Fig 5.—Spectrum of fluid absorbance from 
190 nm to 240 nm. 


entific Co, Springfield, NJ) and 0.1 M caco- 
dylate buffer (pH 7.4) with 5-mmol/L calci- 
um chloride 12. After 24 hours in fixative, 
the corneas were excised under a dissecting 
microscope and the ablated areas were iso- 
lated and post-fixed in 2% osmium tetroxide 
buffered in 0.1-mmol/L sodium cacodylate 
(pH 7.4). The specimens were dehydrated 
in a graded series of ethanol, dried in a 
critical-point dryer, mounted on stubs coat- 
ed with gold-palladium and examined with a 
scanning electron microscope (JEOL 35, 
JEOL Instruments, Peabody, Mass). The 
residual irregularity of each of the ablation 
beds was rated as mild, intermediate, or 
severe without knowledge of the treatment 
group. 

Tears Naturale II, Celluvise, Unisol, or 
distilled water (3.5 mL) was placed into a 
four-sided, 1-cm-long quartz cuvette. The 
absorbance of the solutions at 193 nm was 
determined with a spectrophotometer (DU- 
7, Beckman Instruments Ine, Irvine, Calif). 


RESULTS 


Scanning electron microscopy dem- 
onstrated that, in most cases, corneas 
treated with Tears Naturale II had the 
least surface irregularity, those treat- 
ed with Celluvisc and Unisol had inter- 
mediate surface irregularity, and those 
treated without additional fluid had 
the greatest surface irregularity (Ta- 
ble). One eye treated with Tears Na- 
turale II was found to have intermedi- 
ate surface irregularity, and one eye 
treated with Celluvise was found to 
have the least surface irregularity. 

The corneas treated with Tears Na- 
turale II during the ablation demon- 
strated a uniformly smooth, somewhat 
granular surface without discernible 
underlying cellular and extracellular 
elements (Fig 1). The corneas treated 
with Celluvisc contained areas with a 
smooth granular surface and areas 
characterized by undulating ripples 
and waves (Fig 2, top). The undulating 
ripples are more easily noted under 
higher power (Fig 2, bottom). Corneas 
treated with Unisol were uniformly 
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Fig 6.—An irregular surface ablated without 
a fluid will maintain the irregular contour as 
ablation continues into the deeper stroma. 








Fig 8.—Ablation of an irregular surface with a 
very viscous fluid will be irregular due to the 
variable coating of different thicknesses of the 
fluid. 


characterized by undulating ripples 
and waves (Fig 3), as were the corneas 
treated without fluid (Fig 4). The un- 
dulating ripples and waves were con- 
sistently larger in the corneas treated 
without fluid. 

The absorbance of the fluids at 193 
nm was as follows: Tears Naturale II, 
2.0; Celluvise, 1.9; and Unisol, 1.65. 
Figure 5 shows a spectrum of the 
absorbance of the fluids from 190 to 
240 nm. The absorbance of the fluids at 
193 nm was determined using an ab- 
sorption length of 1 em. Although the 
total absorption by a thin fluid film on 
the corneal surface is significantly low- 
er, the ratios between fluids remains 
the same. 


COMMENT 


Kerr-Muir et al^ have shown that 
the corneal surface is smoother follow- 


Fig 7.— The ideal fluid will have adequate 
absorption and moderate viscosity to result in 
ablation of the peaks while masking the 
valleys. 





Fig 9.—Ablation of an irregular surface with a 
fluid of inadequate viscosity will fail to ade- 
quately protect the valleys in which run-off 
can occur, and irregularities will persist as 
ablation progresses. 


ing keratectomy with a 193-nm ArF 
excimer laser than with a trephine and 
metal blade. Following surgical lamel- 
lar keratectomy the bed is composed of 
ruptured and torn cellular and extra- 
cellular elements with topographic ir- 
regularities of several micrometers’ 
depth. Laser keratectomy produces an 
excision with no exposed cellular ele- 
ments and submicron surface 
irregularities. 

Reepithelialization of an irregular 
surface results in an undulating basal 
layer overlying disrupted collagen, re- 
sulting in poor optical quality." Poten- 
tial complications from such a wound 
include cystic aggregations of epitheli- 
al cells, recurrent epithelial erosions, 
and stromal haze and scarring. 

A fluid used during 193-nm ArF 
excimer laser therapeutic keratectomy 
of an irregular corneal surface masks 
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deeper tissues while exposing protrud- 
ing irregularities. If an irregular sur- 
face is ablated without a fluid, the 
irregular surface contour will be re- 
peated with each pulse (Fig 6). 
Important properties of a masking 
fluid are, therefore, the absorbance at 
193 nm and the viscosity. The absor- 
bances of Tears Naturale II and Cellu- 
visc at 193 nm are nearly identical (Fig 
5) However the viscosity of Tears 
Naturale II is 6 eps and the viscosity of 
Celluvise is 200 eps. In principle, a 
fluid of moderate viscosity will cover 
the irregular surface uniformly, not 
run off quickly, and the surface will 
therefore be smoother after treatment 
(Fig 7). A very viscous fluid will not 
cover an irregular surface uniformly, 
resist leveling, and tend to partially 
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cover peaks as well as valleys (Fig 8). 
This may explain why the surfaces 
ablated with Celluvise (Fig 2, top) 
have some areas that are smooth and 
others with waves and ripples. Unisol 
has a viscosity of 2 eps and an absor- 
bance at 193 nm that is somewhat 
lower than that of Tears Naturale II 
and Celluvise. A fluid of inadequate 
viscosity will tend to run off quickly, 
expose both peaks and valleys, and 
ultimately yield an irregular surface 
after ablation (Fig 9). Surfaces ablated 
with Unisol were consistently charac- 
terized by ripples and waves. 

The ripples and waves noted on 
specimens after ablation have been re- 
ported to be an artifact associated with 
water loss during the dehydration and 
critical-point drying process.” This 
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may partially account for the observed 
changes in the corneal surface in all 
specimens, but not for the consistent 
differences among the various 
solutions. 

A solution of moderate viscosity and 
high absorbance at 193 nm appears to 
facilitate excimer laser phototherapeu- 
tic keratectomy in our model. Human 
clinieal experience will determine if the 
differences between solutions are clini- 
cally important, and whether different 
types of irregularities respond better 
to excimer phototherapeutie keratec- 
tomy with different solutions. 
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Optisol Corneal Storage Medium 


Herbert E. Kaufman, MD; Roger W. Beuerman, PhD; Thomas L. Steinemann, MD; 


Hilary W. Thompson, PhD; Emily D. Varnell 


* Optisol is an investigational, inter- 
mediate-term corneal storage medium 
containing chondroitin sulfate and dex- 
tran to enhance corneal dehydration dur- 
ing storage. We used scanning electron 
microscopy to grade endothelial cell 
morphologic characteristics in terms of 
cell shape, cell borders, cell swelling, 
and apical holes in pairs of corneas 
stored in Optisol and Dexsol. Optisol- 
stored corneas showed significantly few- 
er morphologic changes after 14 days at 
4°C than did Dexsol-stored corneas. No 
significant differences were seen after 
1 to 4 days at 26°C. Temperature-reversal 
analysis showed no significant change in 
corneal thickness with warming after 
2-week storage at 4^C in either medium, 
although Optisol-stored corneas were 
significantly thinner than those stored in 
Dexsol at all times. The results of scan- 
ning electron microscopy suggest that 
preservation at refrigerator temperature 
for 2 weeks in Optisol is superior to 
preservation in Dexsol. Both media may 
be useful in preserving endothelial struc- 
ture for limited periods at room tempera- 
ture, which could provide a measure of 
safety in shipping or storage where re- 
frigeration is unreliable. 

(Arch Ophthalmol. 1991;109:864-868) 


() ptisol (Chiron Ophthalmies, Inc, Ir- 

vine, Calif) is an investigational 
corneal storage medium designed for 
intermediate-term storage (up to 14 
days) at 4°C. It combines advantages 
of two previously developed media, K- 
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Sol and Dexsol (Chiron Ophthalmics, 
Inc) (Table 1). 

K-Sol was introduced as an interme- 
diate-term storage medium in 1985.’ 
This serum-free nutritive medium con- 
tains 2.596 modified chondroitin sul- 
fate, which enhances endothelial via- 
bility by virtue of its antioxidant,’ 
osmotie, and membrane stabilizing? 
properties. Dexsol was introduced for 
intermediate-term corneal storage in 
1988' and is now widely used in eye 
banks all over the world. This medium 
contains 1.35% chondroitin sulfate in 
combination with 196 dextran. K-Sol 
and Dexsol are able to preserve donor 
corneal tissue for up to 10 days at 4°C. 
Optisol includes 2.596 chondroitin sul- 
fate, as well as 196 dextran, to increase 
tissue dehydration during storage. We 
report herein a comparison of the effi- 
cacy of Optisol and that of the eye bank 
standard, Dexsol, for human corneal 
preservation at various temperatures 
and storage times. 


MATERIALS AND METHODS 


Optisol and Dexsol preservation media 
were obtained from the manufacturer. Fif- 
teen pairs of human corneas in Dexsol or 
MeCarey-Kaufman medium were obtained 
from eye banks within 36 hours post mor- 
tem. Donor characteristies are listed in 
Table 2. One cornea of each pair was trans- 
ferred to Optisol and the other to Dexsol in 
a random manner. The media were not 
changed during the study. 

The corneas were divided into three ex- 
perimental groups. In group 1, five pairs 
were stored at 4°C for 2 weeks. In group 2, 
five pairs were stored at 26°C from 1 to 
4 days; one pair was stored for 4 days, one 
pair for 3 days, and three pairs for 1 day. In 
group 3, five pairs were stored at 4°C for 
2 weeks, followed by a temperature-rever- 
sal analysis. 

After storage at 4°C or 26°C, the paired 
corneas in groups 1 and 2 were processed 


for scanning electron microscopy. The cor- 
neas were removed from the media. The pH 
was measured for each vial of medium in 
group 2 (storage at 26°C). All corneas were 
washed with balanced salt solution, trans- 
ferred into fixative (1% paraformaldehyde 
and 2.5% glutaraldehyde in 0.1-mol/L sodi- 
um cacodylate buffer; pH, 7.4), and stored 
at 4°C. The corneas were dissected and 
pieces were incubated in isotonic buffer 
solution (0.1-mol/L sodium cacodylate buff- 
er and 0.5% sucrose) overnight at 4°C, 
followed by postfixation in 1% osmium te- 
troxide in 0.1-mol/L sodium cacodylate buff- 
er (pH, 7.4) and ethanolic dehydration. 
Pieces of the central cornea were coated 
with gold-palladium and examined by 
means of a scanning electron microscope 
(Zeiss DSM 950). 

Scanning micrographs from the centers of 
each pair of corneas were compared at 
magnifications of x 200 and x 500. The cor- 
neas were evaluated independently by two 
observers masked as to the identity of the 
storage medium, length of storage, and 
temperature; the results of the two observ- 
ers were averaged. A scoring system simi- 
lar to that previously described,’ based on 
cell shape, cell borders, cell swelling, and 
apical holes in cells, was used. Cell shape 
was graded from 1 (normal hexagonal 
shape) to 4 (irregular pleomorphic cells). 
Cell borders were graded from 1 (borders 
with no irregularities and interdigitations) 
to 4 (irregular borders and loss of borders). 
Cell swelling was graded from 1 (flat cells 
without swelling) to 4 (marked swelling). 
Apical holes on the endothelial surface were 
graded from 1 to 4 (1 indicates 0% holes; 2, 
10% to 20% holes; 3, 40% to 50% holes; and 
4, 70% to 100% holes). The sum of these 
measurements divided by four was termed 
the total morphologic grade, which ranged 
from 1 (normal) to 4 (markedly abnormal). 
Analysis of variance’ was used to determine 
significant differences. 

In group 3 (the temperature-reversal 
studies), five pairs of corneas with scleral 
rims were removed from the media after 
2 weeks of storage at 4°C and mounted in a 
specular microscope equipped with dual 
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ls Table 1.— Constituents of Three Corneal Storage Media * 


Constituent Optisol Dexsol K-Sol 


Base medium Hybrid of TC-199 MEM TC-199 
and MEM 


Chondroitin sulfate, % 2.5 1.35 


Dextran (molecular weight, 
40000 d), % 


HEPES buffer 
Gentamicin sulfate 


Nonessential amino acids, 
mmol/L 





















* MEM indicates minimal essential medium; TC- 199, tissue culture medium 199. Optisol and Dexsol are man- 
ufactured by Chiron Ophthalmics, Inc, Irvine, Calif. K-Sol was manufactured by Cilco Inc, Huntington, Va, but 
is no longer commercially available. 

TProprietary information, Chiron Ophthalmics. 


Table 2.—Donor Characteristics * 


Enucleation 
Time, 
h/ min 


Storage 
Storage Time, 
Mediumt d 


Interim 

Mediumt Eye 
Group 1, 14 d at 4°C 
3/45 M-K OD Dexsol 
Optisol 
Optisol 
Dexsol 
M-K Dexsol 
Optisol 
Optisol 
Dexsol 
Optisol 
Dexsol 


Dexsol 


Dexsol 


Dexsol 


Group 2, 1-4 d at 26°C 
Dexsol OD 


6/15 


Optisol 


4 
4 
Dexsol 3 
6/10 Dexsol Dexsol 


OS Optisol 
Dexsol OD 





8/45 


OS Optisol 
Dexsol OD 

OS Optisol 
Group 3, 14 d at 4°C, Temperature-Reversal Analysis 


16/15 Dexsol 


1 
1 
Dexsol 1 
1 
1 
1 


20/30 M-K OD Optisol 
Dexsol 
Optisol 
Optisol 
Dexsol 
Dexsol 
Optisol 
Dexsol 
Optisol 
* M-K indicates McCarey-Kaufman medium; CHF, congestive heart failure; CA, cardiac arrest; MVA, motor 
vehicle accident; RA, respiratory arrest; MI, myocardial infarction; ARDS, acute respiratory distress syndrome; 


and COPD, chronic obstructive pulmonary disease. 
tDexsol and Optisol are manufactured by Chiron Ophthalmics, Inc, Irvine, Calif. 


Dexsol 


Dexsol 


Dexsol 


Unknown 





perfusion chambers according to the meth- 
od described by Dikstein and Maurice.’ A 
perfusate of Optisol or Dexsol at 37°C was 
"used to bathe the endothelial surface. Cor- 
neal thickness was measured by means of a 
micrometer dial attached to the stage of the 
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specular microscope. With the endothelium 
in focus, the micrometer dial was set to 0. 
Thickness was determined by raising the 
stage until the epithelium was in focus and 
then recording the micrometer dial reading. 
Thickness measurements were obtained im- 


mediately after mounting and every 30 min- 
utes for 5 hours. Mean corneal thickness 
was determined from three central readings 
at each time point. Changes in corneal 
thickness within each group and between 
the groups stored in the two media were 
assessed by analysis of variance.” 


RESULTS 


All corneal pairs stored for 2 weeks 
at 4°C (group 1) showed definite mor- 
phologic changes in the endothelium 
(Fig 1). However, endothelial cells 
from Optisol-stored corneas showed 
significantly fewer abnormalities in all 
categories (P<.05) (Table 3). Endothe- 
lial cell shape was more distorted and 
pleomorphic, cell borders were more 
irregular with prominent interdigita- 
tions, cell swelling was greater, and 
apical holes were more numerous in 
the Dexsol-stored corneas. 

Morphologic scores for the corneas 
stored 1 to 4 days at 26°C in either 
Optisol or Dexsol were not significant- 
ly different (Table 3). However, the 
grades assigned to the Optisol-stored 
corneas were consistently lower in all 
categories. Differences in cell morpho- 
logie characteristics between the 
paired corneas stored in the two media 
were seen after 1 day of storage (Fig 
2) The differences were more pro- 
nounced in the pair stored for 4 days 
(Fig 3); large amounts of cellular de- 
bris and surface pits were seen in the 
cornea stored in Dexsol, while the 
endothelium of the Optisol-stored cor- 
nea remained an organized monolayer. 
The pH of the media stored at 26°C 
ranged from 6.8 to 7.5 for Dexsol 
(mean, 7.2) and 6.9 to 7.5 for Optisol 
(mean, 7.2). 

In the temperature-reversal study 
(group 3), five corneal pairs were 
warmed to 37°C during 5 hours after 
2 weeks of storage at 4°C. No signifi- 
cant corneal thinning was seen during 
the warming period in corneas stored 
in either medium (Fig 4). The five 
Optisol-stored corneas were signifi- 
cantly (P<.0059) thinner (576.2 + 32.4 
um) at the beginning of the warming 
period than the five corneas stored in 
Dexsol (705.8 + 32.4 um) and remained 
so throughout the 5-hour study. 


COMMENT 


Optisol is a new formulation for in- 
termediate-term corneal storage. Opti- 
sol appears to be more effective than 
Dexsol in preserving endothelial struc- 
ture during standard 4°C storage for 
2 weeks, possibly in part as a result of 
the higher concentration of chondroitin 
sulfate in Optisol. Chondroitin sulfate 
is thought to function as an antioxidant 
by preventing lipid peroxidation,” 
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Fig 1.— Corneal endothelium of paired corneas after 4°C storage for 14 days. Left, Optisol (Chiron Ophthalmics, Inc, Irvine, 
Calif) storage. Cell borders are prominent, and nuclei are distinct and centered. Right, Dexsol (Chiron Ophthalmics, Inc) 
storage. Note the indistinct cell borders and nuclei with surface debris (original magnification x 500). 


Table 3. — Grading of Morphologic Characteristics of Corneal Endothelium After Storage 
in Optisol or Dexsol* 


Cell 


Medium Border 


Swelling 


Total 
Cell Morphologic 
Grade 


Group 1, 14 d at 4°C 


2.65 + 0.22 
3.60 + 0.22 


2.63 + 0.23 
3.69 + 0.23 


Optisol 
Dexsol 


2.36 + 0.25 
3.33 + 0.25 


2.49 + 0.23 
3.48 + 0.23 


2.53 + 0.20 
3.53 + 0.20 


Group 2, 1-4 d at 26°C 


1.73 + 0.22 
21/3 0.22 


1.81 + 0.23 
2.38 + 0.23 


Optisol 
Dexsol 


1.45 + 0.25 
1.94 + 0.25 


1.50 + 0.23 
1.91 + 0.23 


1.62 + 0.20 
2.10 + 0.20 





* Morphologic characteristics of endothelial cells of corneas stored in Optisol or Dexsol (manufactured by 
Chiron Ophthalmics, Inc, Irvine, Calif) were graded from 1 (normal) to 4 (markedly abnormal) by means of scan- 
ning electron micrographs taken from the center of each cornea. Values are mean + SE. All pairs in group 1 
are significantly different (P < .05 by analysis of variance). 


which has been shown to cause consid- 
erable damage to cell membranes by 
altering their structure.“ 

Two comparative studies suggest 
that chondroitin sulfate offers a protec- 
tive advantage to endothelium during 
intermediate-term storage. Tamaki et 
al’ found that endothelial morphologic 
characteristics exhibited fewer 
changes when rabbit corneas were 
stored in K-Sol (2.5% chondroitin sul- 
fate) than with storage in Japanese 
medium (no chondroitin sulfate). Stein 
et al^ compared endothelial morpho- 
logic features after storage in three 
preparations of chondroitin sulfate vs 
storage in McCarey-Kaufman medium, 
which contains no chondroitin sulfate. 
Higher concentrations of chondroitin 
sulfate (2% and 5%) resulted in better 
endothelial preservation for storage up 
to 2 weeks. There was no significant 
difference in endothelial morphologie 
characteristics after storage in medi- 
um containing 1.596 chondroitin sul- 
fate, compared with McCarey-Kauf- 
man medium. 
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In our study, there were no signifi- 
cant differences in endothelial morpho- 
logic characteristics after 1 to 4 days of 
storage at 26°C in either medium. 
Moreover, the overall grades assigned 
to the Optisol-stored corneas and the 
Dexsol-stored corneas were lower in 
each category after 1 to 4 days at 26°C 
than after 14 days at 4°C (Table 3). 
This suggests that either medium may 
be capable of preserving endothelial 
morphologie features for limited, but 
significant, periods at room tem- 
perature. 

Previous studies from our laborato- 
ries showed a close correlation be- 
tween the results of scanning and 
transmission electron microscopy in 
the analysis of surface characteristics, 
such as apical holes and loss of lateral 
junctions. We believe, therefore, that 
the results of these scanning studies 
are sufficiently indicative of the rela- 
tive condition of the endothelial mosaic 
in the paired corneas. Although some 
dehydration and shrinkage of the spec- 
imen occur with all electron microscop- 


ic procedures, our experience has been 
that corneas stored in preservation 
media show about 3% to 4% shrinkage 
during electron microscopy irrespec- 
tive of the characteristics of the stor- 
age medium. 

The pH of both media stored at 26°C 
was maintained within an optimum 
range for corneal endothelial integri- 
ty”; differences between the two me- 
dia in this respect were negligible. 
Similarly, Tamaki et al” studied rabbit 
and human corneas stored at 25°C in 
McCarey-Kaufman and K-Sol media 
for 6 days. Both media preserved the 
integrity of the endothelial mosaic; 
however K-Sol, with 2.5% chondroitin 
sulfate as an antioxidant and mem- 
brane stabilizer, appeared to preserve 
cytoplasmic organelles better. 

The temperature reversal studies 
were attempted initially with the use 
of a glutathione bicarbonate Ringer's 
solution for perfusion, but, under these 
conditions, increased swelling of the 
cornea was observed during warming. 
Because we could not obtain reproduc- 
ible measurements with Ringer's solu- 
tion, the studies were conducted with 
the use of the storage media as the 
perfusate. 

No significant temperature reversal 
effect was observed in the corneas 
stored in either medium (group 3). It 
may be that dextran and/or chondroi- 
tin sulfate sequestered in the stroma 
increase the colloid osmotic pressure, 
and the resulting influx of fluid masks 
and perhaps overwhelms any tempera- 
ture-reversal deturgescence produced 
by the endothelial pump during the 
short rewarming period. This hypothe- 
sis is supported in the literature. Hull 
et al" postulated that the failure of 
temperature reversal in rabbit corneas 
stored in K-Sol for 7 or more days was 


Optisol Corneal Storage Medium — Kaufman et al 


F 








Fig 2.—Corneal endothelium of paired corneas after 26°C storage for 1 day. Left, Optisol (Chiron Ophthalmics, Inc, Irvine, 
Calif) storage. The endothelial cell borders and nuclei are prominent. Some cell surface debris is noted. Right, Dexsol 
(Chiron Ophthalmics, Inc) storage. The nuclei are eccentric, and intercellular separations and pits are visible (original 
magnification x 500). 
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Fig 3.— Corneal endothelium of paired corneas after 26°C storage for 4 days. Left, Optisol (Chiron Ophthalmics, Inc, Irvine, 
Calif) storage. The endothelium remains largely intact in a flat monolayer, with occasional surface debris and blebbing. 
Right, Dexsol (Chiron Ophthalmics, Inc) storage. There is widespread destruction of the endothelial mosaic (original 
magnification x 500). 
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the result of chondroitin sulfate 
trapped in the corneal stromal inter- 
stices. Breslin et al used an autoradio- 
graphic technique to show that, in 
human corneas, dextran penetrates 
the endothelium and is trapped in the 
stroma, thereby increasing the stromal 
swelling pressure. 

Although corneal thickness did not 
change significantly with warming af- 
ter 2-week storage at 4°C, the corneas 
stored in Optisol were significantly 
thinner than those stored in Dexsol 
both before warming and at the end of 
the warming period. Thinner corneas 
do not necessarily indicate better pres- 
ervation or superiority of the storage 
medium but are clinically more satis- 
factory to work with at the time of 
surgery. Less swollen donor tissue 
may also permit a more accurate pre- 
operative assessment by specular mi- 
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croscopy and would likely result in 
better vision in the immediate postop- 
erative period. 

In summary, based on the results of 
scanning electron microscopy, Optisol 
preservation appears superior to Dex- 
sol for intermediate-term (14-day) 
storage at 4°C. The components of 
Optisol are similar to those of older 
media, and cost should, therefore, be 
comparable with those of other avail- 
able formulations. There are no unusu- 
al storage techniques involved; eye 
banks can use Optisol in the same way 
other media are used. Improvement in 
intermediate-term storage for 2 weeks 
would allow flexible surgical schedul- 
ing, allow the surgeon to use the most 
desirable tissue without waste, and 
provide adequate time for performing 
various cultures. Optisol is also appar- 
ently able to preserve endothelial mor- 
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phologic characteristics at 26°C for lim- 
ited periods. We are not suggesting 
that room-temperature preservation 
be considered as an alternative to stan- 
dard refrigeration techniques. This 
ability, however, may provide a mar- 
gin of safety when cold storage cannot 
be maintained. Enhanced viability for 
short periods at room temperature 
would make the shipping of donor tis- 
sue for long distances and to areas 
without reliable refrigeration much 
safer. 
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An Evaluation of Saline Irrigation and Comparison 
of Povidone-Iodine and Antibiotic in the Surface 
Decontamination of Donor Eyes 


Robert W. Nash, MD; Thomas D. Lindquist, MD, PhD; Robert E. Kalina, MD 


e We evaluated the effect of saline 
irrigation on 38 pairs of donor eyes and 
determined the relative efficacy of antibi- 
otic rinse/storage (neomycin-polymyxin 
B-gramicidin) and povidone-iodine im- 
mersion. Microbial growth was found in 
49 (64.5%) of 76 eyes from which cul- 
tures were taken before irrigation, and 
only four (8.2%) became culture negative 
after irrigation. Of 27 eyes culture nega- 
tive before irrigation, 15 (55.6%) became 
positive after irrigation. One eye of each 
pair was then assigned randomly to anti- 
biotic rinse/storage and the other eye to 
3-minute immersion in 1% povidone-io- 
dine. Both antimicrobial treatments de- 
creased the numbers of positive cul- 
tures, with povidone-iodine showing an 
advantage that did not reach signifi- 
cance. These results demonstrate that 
saline irrigation of donor eyes in situ 
does not reduce surface contamination 
and that povidone-iodine immersion 
should be considered as an alternative 
for donor eye decontamination. 

(Arch Ophthalmol. 1991;109:869-872) 


E ndophthalmitis complicates corneal 

transplantation in the immediate 
postoperative period in 0.1% to 0.2% of 
cases." Contaminated allograft donor 
tissue represents a potential source of 
infection unique to keratoplasty. Do- 
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nor eyes are known to harbor bacteria 
in 5096 to 10096 of cases, with a micro- 
biologic spectrum similar to the sur- 
face flora of living human eyes." De- 
spite attempts to decontaminate donor 
eyes, corneal rim cultures obtained at 
the time of surgery are positive in 12% 
to 29% of cases." Although the rate of 
infection in recipients remains low, 
further attempts to minimize the mi- 
crobial inoculum at the time of corneal 
transplantation are warranted. 

This study was designed to compare 
the relative efficacy of irrigation with 
an antibiotic containing neomycin, 
polymyxin B, and gramicidin vs im- 
mersion in a 1% solution of povidone- 
iodine (P-I). Povidone-iodine is an anti- 
septic used extensively in surgery for 
skin preparation." It is inexpensive and 
readily available and has a known wide 
spectrum of activity against bacteria, 
fungi, and viruses." When used to pre- 
pare the eye at the onset of cataract 
extraction, P-I reduces bacterial spe- 
cies and colony counts without con- 
junetival or corneal injury." Mindrup 
et al^ reported that 196 P-I is at least 
as effective as gentamicin in the decon- 
tamination of donor cadaver eyes. We 
compared immersion of donor globes in 
P-I with the more commonly used 
method of globe decontamination using 
irrigation with an antibiotie solution. 
Additionally, our study design allowed 
us to evaluate the effect of saline irri- 
gation on globe decontamination. 


MATERIALS AND METHODS 


Paired human cadaver eyes obtained by 
enucleation were divided randomly into two 
groups. One eye of each pair served as the 


control eye (antibiotie irrigation), while its 
partner was the experimental eye (P-I 
immersion). 

Before enucleation, a sterile swab moist- 
ened with 0.1% thioglycolate solution was 
used to culture the inferior limbus and 
conjunctival fornix in either the nasal or 
temporal quadrant (chosen at random). The 
eyes were then irrigated vigorously with 10 
mL of preserved saline, and a second cul- 
ture was obtained from the limbus and 
fornix of the other inferior quadrant. Each 
eye was then enucleated by means of sterile 
technique by trained personnel of the Lions 
Eye Bank of Washington, Alaska, and 
northern Idaho. The control eye was placed 
in a sterile transport chamber, and 5 mL of 
the antibiotic solution was dripped over the 
globe onto a gauze sponge at the base of the 
container, creating a moist chamber when 
sealed. The experimental eye had an equal 
volume (5 mL) of sterile saline dripped over 
it onto a gauze sponge to create a moist 
chamber. Both containers were then trans- 
ported on ice to the eye bank. 

At the eye bank, the experimental eye 
was immersed in a 1% P-I solution, while 
the control eye was immersed in an equal 
volume of sterile saline, each for 3 minutes. 
Both eyes then were rinsed thoroughly with 
sterile saline, and a final culture was taken 
in all eyes by rolling a moistened swab 360* 
at the limbus. The swabs were transported 
to the microbiology laboratory in a sterile 
container with 0.5 mL of modified Stuart's 
bacterial transport medium (containing 
0.1% sodium thioglycolate to neutralize any 
bacteriostatic effect of residual P-I). 

The swabs were inoculated into brain- 
heart infusion broth tubes and incubated at 
35°C. The tubes were examined daily and, 
at the first sign of turbidity, were Gram 
stained and subcultured onto blood and 
chocolate agar to be incubated at 35°C in 5% 
to 10% carbon dioxide and onto Brucella 
agar incubated at 35°C anaerobically. Posi- 
tive cultures were speciated in standard 
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Top left, Ocular surface cultures from donor globes before any treatment. Top right, Ocular surface 
cultures from donor globes after saline irrigation. Bottom left, Ocular surface cultures from donor globes 
after saline irrigation and povidone-iodine immersion. Bottom right, Ocular surface cultures from donor 
globes after saline irrigation and antibiotic irrigation. 


fashion. Tubes showing no sign of turbidity 
after 5 days were blindly Gram stained and 
subcultured to the same media and condi- 
tions. These plates were incubated an addi- 
tional 2 days (for a total of 7 days) before 
the culture was determined to be negative. 
All specimens were coded such that micro- 
biology personnel were unaware of the 
treatment assignment. 

Results were analyzed by x^ test compar- 
ing success probabilities. The outcome mea- 
sure analyzed was percentage of eyes ren- 
dered sterile by a given treatment. A 
sample size of 40 for each group was se- 
lected such that a 20% difference between 
the treatment groups would be detected in 
70% of trials (one-tailed analysis). The null 
hypothesis was to be accepted or rejected 
at an a level of .05. 


RESULTS 


Ocular surface cultures obtained be- 
fore any treatment demonstrated bac- 
terial growth in 49 (64.5%) of 76 eyes. 
Postirrigation cultures were positive 
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in 60 (78.9%) of 76 eyes, a significant 
increase (y°=3.84; P=.05). Of 49 eyes 
that were culture positive before irri- 
gation, four (8.2%) were negative after 
irrigation, while 15 (55.6%) of 27 eyes 
that were initially culture negative 
showed microbial growth after 
irrigation. 

The results of preirrigation cultures 
(Figure, top left) showed Staphylococ- 
cus species and diphtheroids to be the 
predominant contaminants, represent- 
ing 51 (79.796) of 64 total isolates. 
There were six isolates (8.496) of Strep- 
tococcus species. Staphylococcal and 
diphtheroid species increased in num- 
ber (51 to 69) and percentage of iso- 
lates (79.7% to 93.6%) after irrigation. 
Culture-positive isolates of all other 
species decreased after irrigation (Ta- 
ble 1). Although the small number of 
isolates other than Staphylococcus and 
diphtheroids precludes individual sta- 


tistical analysis, the aggregate de- 
crease in minor isolates was statistical- 
ly significant (x^ —6.12, P<.05). 
Conjunctival colonization was simi- 
lar in the P-I and antibiotic groups 
after saline irrigation and before anti- 
microbial treatment. In the P-I group, 
29 (76.3%) of 38 eyes were culture 
positive, and 31 (80.896) of 38 eyes in 
the antibiotic group were culture posi- 
tive before treatment; this difference 
was not statistically significant 
(X —1.57, P>.05). Both P-I immersion 
and antibiotic irrigation were effective 
in decreasing the percentage of cul- 
ture-positive eyes (Table 2). Although 
the number of culture-positive eyes 
was small after treatment, the bacteri- 
ologie spectrum was similar to pre- 
treatment groups in which staphy- 
locoecal and  diphtheroid species 
predominated (Figure, bottom left 
and bottom right) Cultures showed 
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growth in 23.796 of eyes after P-I 
immersion and 34.2% of eyes after 
antibiotic irrigation. This difference 


was not statistically significant 
(X —1.57, P>.15) (Table 2). 
COMMENT 


Several reports have implicated the 
donor cornea as the microbial source 
for infectious endophthalmitis. Corneal 
rim cultures were obtained at the time 
of surgery in 16 of 26 reported cases of 
endophthalmitis complicating pene- 
trating keratoplasty, ^"^ In 10 of 
these 16 cases, the corneal rim culture 
yielded the same organism as that 
identified from the infected eye. Le- 
veille et al’ retrospectively analyzed 
donor rim cultures from 1876 consecu- 
tive keratoplasties and found positive 
cultures in 12%. Of the recipients re- 
ceiving corneas with positive rim cul- 
tures, three (1.3%) of 230 developed 
bacterial endophthalmitis caused by 
the same organism cultured from the 
rim, compared with one (0.06%) of 
1646 cases of endophthalmitis in recipi- 
ents of grafts with sterile rim cultures. 
Although the incidence of endophthal- 
mitis after keratoplasty remains low, 
further attempts to reduce the possi- 
bility of donor tissue contamination are 
warranted. 

Irrigation has long been believed to 
reduce surface contamination of donor 
globes. Pardos and Gallagher’ noted a 
12.4% incidence of positive surface cul- 
tures in eyes vigorously irrigated with 
20 mL of saline before enucleation. 
Previous studies had reported 50% to 
100% contamination of donor eyes,” 
and it was concluded that the lower 
percentage resulted from irrigation be- 
fore enucleation. 

An in vivo study” showed that an 
inoculum of Pseudomonas applied in 
the fornix of rabbit eyes could be 
cleared by irrigation after enucleation. 
Globe irritation after enucleation in 
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combination with immersion in bacitra- 
cin zinc-neomycin sulfate-polymixin B 
sulfate (Neosporin) containing 0.01% 
thimerosal rendered 20 human eyes 
culture negative.” In contrast, Isen- 
berg et al” showed that the irrigation 
of human eyes before cataract surgery 
resulted in a statistically significant 
increase in the numbers of bacterial 
species isolated. This study demon- 
strated that irrigation of the eye in situ 
is not of benefit in antisepsis; the per- 
centage of contaminated eyes rose 
from 65% to 79% after irrigation alone, 
representing a statistically significant 
increase. Explanations proposed by 
Isenberg et al” are that (1) organisms 
trapped within crypts in the conjuncti- 
val epithelium may be washed to the 
surface and/or (2) organisms might be 
washed into the eye from the eyelid 
and periocular skin. 

In our study, staphylococcal species 
and diphtheroids were particularly re- 
sistant to the effects of irrigation; 
these organisms accounted for 79.6% 
of isolates before saline irrigation, but 
this percentage rose to 93.6% after 
irrigation. This increase may reflect 
increased adherence of the predomi- 
nant flora, washout of organisms with- 
in conjunctival crypts, and/or contami- 
nation from spillover of the periocular 
skin. Less common inhabitants of the 
ocular surface were more susceptible 
to elimination by irrigation. Species 
other than Staphylococcus or diphthe- 
roids have been the predominant 
pathogens in reported cases of post- 
keratoplasty endophthalmitis, and re- 
sistance to the antibiotic in corneal 
storage media has been implicated as a 
contributing factor.’°"* Irrigation 
may have some role in clearing these 
pathogens. Irrigation probably should 
be used only after enucleation, avoid- 
ing contamination from periocular skin 
or conjunctival fornices. 

Iodine has been used as a germicide 














Table 2.—Percentage of Positive 
Ocular Surface Cultures Before and 
After Antimicrobial Treatment 
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Before any treatment Tae 
After saline irrigation 76.3 80.8 
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and antimicrobial 

treatment 


for well over a century, but its clinical 
use as an antiseptic was limited by its 
odor, skin staining, and irritability to 
skin and mucous membranes. The in- 
troduction of iodophors—compounds 
that act as carriers for free iodine— 
revolutionized skin antisepsis in the 
1950s. The most commonly used iodo- 
phor is povidone (polyvinylpyrroli- 
done)-iodine. Povidone acts as a carri- 
er molecule being complexed with 
iodine and allowing the release of free 
iodine in a dynamic equilibrium. Io- 
dine, the active antimicrobial agent, 
exerts an extremely rapid killing effect 
by uncertain and complex mechanisms 
on viruses, bacteria, fungi, and amebas 
(an in-depth discussion of the antimi- 
crobial mechanisms of the iodophors is 
beyond the scope of this discussion; see 
Harvey," Truman,” and Gottardi”). 

The experimental design called for 
the antimicrobial treatments (antibiot- 
ic irrigation and P-I immersion) to be 
applied at different times. Antibiotic 
irrigation is carried out in the field in 
ours and many eye banks, and it was 
desirable to compare the overall prac- 
tical efficacy of a commonly used tech- 
nique with P-I immersion. Since it is 
neither practical nor desirable to carry 
out P-I immersion in the field, this was 
done on return to the eye bank. The 
design allows a comparison of the effi- 
cacy of antibiotic irrigation as it is 
customarily carried out vs P-I immer- 
sion in decontamination of donor 
globes. 

We found P-I immersion to be at 
least as effective as antibiotic irriga- 
tion in the decontamination of human 
donor globes. Mindrup et al” previous- 
ly showed P-I to be equivalent to gen- 
tamicin immersion. Povidone-iodine of- 
fers the advantages of low cost and a 
wider antimicrobial spectrum, includ- 
ing fungi,’ Chlamydia,” and some vi- 
ruses,” including herpes simplex” 
and human immunodeficiency virus. ^? 
As with all brief contact methods, P-I 
immersion is unlikely to be effective 
against deep tissue contamination, as 
might occur in septic donors" or in 
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eyes with unsuspected keratitis.” Hu- 
man immunodeficiency virus has been 
isolated from tears and corneal tissue.” 
Povidone-iodine immersion would be 
effective in providing surface decon- 
tamination against human immunodefi- 
ciency virus,” reducing the risk to 
eye bank personnel, although surviv- 
ing corneal cells might still harbor the 
virus. 

Povidone-iodine in 5% solution has 


been used topically in a single applica- 
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tion before cataract surgery in large 
numbers of patients without adverse 
effect on epithelial health, endothelial 
cell counts, or corneal thickness." 
Berkelman et al? and Haley et al“ have 
shown that lower concentrations of 
P-I, such as the 1% solution used in our 
study, may actually make more free 
iodine available, with consequent in- 
creased antimicrobial effect. Further 
study of the effect of P-I immersion on 
epithelial and endothelial viability in 
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Effect of Extraocular Muscle Surgery 
, on Corneal Topography 
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Hamilton Moreira, MD; David Evensen, PhD, PE 


e A computerized videokeratoscopy 
system was used to evaluate changes in 
corneal topography after muscle surgery 
in 36 eyes of 18 rabbits. Topographic 
analysis revealed a significant flattening 
of the cornea in the superior and supero- 
temporal octants after superior rectus 
recession (mean + SE, — 1.78 +0.16 diop- 
ters) compared with control eyes under- 
going a sham procedure ( — 0.17 +0.18 D; 


. P<.05). Excision of all rectus muscles 


caused a generalized corneal flattening 
(—1.42+0.13 D; P<.001). A computer- 
ized, finite element model of the globe, 
including the rectus muscles, demon- 
strated corneal deformation as a result of 
extraocular muscle tension; recession of 
an extraocular muscle in this model 
caused corneal flattening in the quadrant 
of the recessed muscle. These data sug- 
gest that corneal topography is affected 
by extraocular muscle tension, corrobo- 
rating clinical reports of refractive 
change after strabismus surgery. 
(Arch Ophthalmol. 1991;109:873-878) 


he factors that influence normal 

corneal topography are not com- 
pletely understood. Diurnal changes in 
corneal thickness and intraocular pres- 
sure have been implicated in the diur- 
nal changes in topography of normal 
corneas" and after radial kerato- 
tomy."* External forces, such as those 
exerted by the eyelid or by oribital 
masses, can also change corneal curva- 
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ture such that the plus-cylinder axis of 
the correcting cylinder is parallel to 
the meridian on which the force is 
exerted.’ Iatrogenic factors, such as 
scleral buckling surgery for the treat- 
ment of retinal detachment, can induce 
corneal astigmatism in some eyes." 

Extraocular muscles also appear to 
affect corneal topography. Flattening 
of the human cornea of nonpresbyopic 
eyes can occur after accommodation 
and convergence, ^ although accommo- 
dation in humans does not occur in the 
cornea, as it does in some birds in 
which the cornea is deformed by the 
action of Crampton's muscle.* 

Reportedly,’ 60% of patients under- 
going strabismus surgery develop 
changes in corneal astigmatism in the 
eye that underwent surgery. Thomp- 
son and Reinecke” reported a high 
incidence of increased with-the-rule 
astigmatism, up to 2 diopters of 
change, after horizontal-muscle, reces- 
sion-resection surgery. 

Mathematic biomechanical models 
have been used by several authors to 
predict the response of the eye to 
surgery " or varying physiologic con- 
ditions,"" such as intraocular pres- 
sure, orbital pressure, and extraocular 
muscle tension. Several of these ap- 
proaches have employed finite element 
analysis "^^"? using computers to 
model the response of the cornea to 
stress or surgical procedures such as 
radial keratotomy. 

Little attention has been given to 
the relationship between extraocular 
muscle tension and corneal topogra- 
phy. Herein, we examine the influence 
of rectus muscle tension on corneal 
topography using animal (rabbit) and 
mathematic models. 


MATERIALS AND METHODS 


The animals used in this study were 
maintained in animal care facilities accredit- 
ed by the American Association of Labora- 
tory Animal Science, and all studies were 
performed in accordance with the Associa- 
tion for Research in Vision and Ophthalmol- 
ogy Resolution on the Use of Animals in 
Research. 


Surgical Procedures 


Superior rectus muscle surgery was per- 
formed on 24 eyes of 12 pigmented rabbits. 
Eight rabbits underwent resection of 6 mm 
of the superior rectus muscle in one ran- 
domly chosen eye and recession of 6 mm of 
the superior rectus in the fellow eye. The 
remaining four rabbits underwent a “sham” 
surgical procedure on the superior rectus 
muscle of each eye and served as controls. 

Following anesthetization with intramus- 
cular ketamine hydrochloride and xylazine 
hydrochloride and topical proparacaine hy- 
drochloride, a lid speculum was placed in 
the eye and a limbus-based peritomy per- 
formed in the superior conjunctiva approxi- 
mately 8 mm from the superior limbus; the 
superior rectus muscle was isolated with a 
muscle hook. In the recession group, two 
double-armed 6-0 polyglactin (Vicryl; Ethi- 
con, Summit, NJ) muscle sutures were 
placed and the muscle recessed 6 mm from 
its original insertion; in the resection group, 
two double-armed 6-0 polyglactin muscle 
sutures were placed, and 6 mm of the 
superior rectus was resected. In the control 
group, which underwent the sham proce- 
dure, two double-armed 6-0 polyglactin 
muscle sutures were placed on the superior 
rectus muscle, and the muscle was sec- 
tioned (disinserted) at its origin, and su- 
tured onto its original insertion. In all 
cases, the conjunctiva was closed with a 
running 8-0 polyglactin suture. A steroid- 
antibiotie ointment was applied after the 
procedure. 

After a 360° limbal peritomy in which the 
tissue was sutured closed, all rectus mus- 
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cles were disinserted from the globe in six 
eyes of six rabbits, and the fellow eyes 
underwent disinsertion and resuturing to 
the original insertion of the rectus muscles 
(sham procedure). A steroid-antibiotic oint- 
ment was applied after the procedure. 


Corneal Curvature Measurements 


Keratometric readings and corneal topo- 
graphic measurements were made 1 day 
before surgery and 1 day and 14 days after 
surgery by the same experienced observer, 
who was masked as to treatment group. 
Central keratometric power was deter- 
mined using a keratometer (Bausch & 
Lomb, Rochester, NY). Vector-corrected 
keratometric cylinders were calculated” to 
assess curvature changes in the vertical 
meridians. 

Corneal topographic studies were per- 
formed with a computer-assisted topo- 
graphic analysis system (Corneal Modeling 
System; Computed Anatomy Inc, New 
York, NY), which uses a 32-ring photoker- 
atoscope to generate a color-coded topo- 
graphic map of the cornea. Three pictures 
of the same eye were taken by the same 
experienced examiner at each examination. 
Because of the inability of the examined 
eyes to fixate the target, we attempted to 
achieve centration by centering the video- 
keratoscope on the center of the entrance 
pupil while keeping the globe perpendicular 
in the horizontal and vertical axes to the 
cone of the videokeratoscope. The session 
was completed when three separate ring- 
image photographs had been captured that 
were free of dry spots, had minimal shadow 
from the lashes, and appeared to be precise- 
ly focused. The three images were then 
digitized by the computer. The image of 
highest quality without apparent errors 
from digitization of the rings was used for 
analysis. Using an interactive cursor, we 
evaluated the corneal curvature at the cen- 
ter of the corneal apex and 1.5 mm and 
3.0 mm from the corneal apex in each of the 
eight octants. ! 

The preoperative and postoperative cur- 
vatures of rings 1 through 25 of eyes that 
underwent disinsertion of all rectus muscles 
were compared. The postoperative curva- 
tures were also compared with those of 
eyes that underwent the sham procedure. 

To estimate intraobserver variability 
when using the Corneal Modeling System to 
evaluate the rabbit cornea, six consecutive 
readings of corneal curvature were record- 
ed for each of four eyes before surgery. The 
eurvature was measured at nine points in 
the corneas of each of these four eyes, 
including the corneal apex and the superior, 
temporal, inferior, and nasal meridians at 
1.5 and 3 mm from the central apex. To 
evaluate intraobserver variability of kera- 
tometrie measurements of rabbit corneas, 
five consecutive keratometric readings 
were performed for each of six eyes before 


surgery. 
Finite Element Model 


The finite element method” of structural 
analysis was used in this study to determine 
how stress from extraocular muscles is dis- 
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tributed and how it affects corneal curva- 
ture. The finite element method is an estab- 
lished means of engineering analysis of 
complex structures. This method approxi- 
mates the conformational change within a 
continuous body by spatially dividing the 
body into “elements,” each governed by a 
simple polynomial equation. Each element 
is formed from several “nodes” represent- 
ing the minimal number of paints to define 
its shape. By enforcing continuity of dis- 
placements between adjacent elements, the 
conformational change of the entire body is 
represented. Greater accuracy may be 
achieved by increasing the number of 
elements. 

To describe a structure for finite element 
analysis, the geometry, material proper- 
ties, loading forces, and boundary condi- 
tions must be known or approximated (Ta- 
ble 1). The accuracy of the analytic solution 
depends directly on the accuracy of these 
values. While the geometry, loading forces, 
and boundary conditions of an eye can be 
accurately determined, the material prop- 
erties are difficult to determine in vivo and 
are only approximations on the basis of in 
vitro experiments. Although the eye exhib- 
its a nonlinear load-displacement relation- 
ship with large displacements, * a linear law 
is used in this study. However, this as- 
sumption may be valid with the small dis- 
placements generated within the physiolog- 
ic range. 

We also assumed that the material prop- 
erties are independent of orientation. This 
is supported by the work of Nyquist,” in 
which stromal collagen fibers were found to 
be randomly oriented. Therefore, in-plane 
material properties may not be a function of 
orientation. 

The geometry and material properties of 
a representative human eye were used in 
constructing the finite element model. The 
eyeball itself is approximately radially sym- 
metric; however, the extraocular muscles 
attach to the eye in four quadrants. Hence, 
it was necessary to construct a model of 
only one quarter of the eye. Extraocular 
muscle forces were represented as vectors 
attached to a single node at a given inser- 
tion distance from the limbus. To model the 
effects of all four rectus muscles, two force 
vectors were placed at each edge of the 
quarter model, 90° apart. The force from 
the muscle was modeled as a vector applied 
at the insertion 10° from the visual axis.” 
The sclera was modeled using two elements 
through the cross section (thickness), 
whereas the cornea was represented by 
four elements through the thickness and 
enclosed by shell elements representing 
Bowman's and Descemet’s membranes. The 
limbus was modeled using triangular ele- 
ments. 

To simulate the effect of the orbital 
tissues in stabilizing the globe, spring 
elements with axial  stiffnesses of 
1000 dyne/mm were extended radially from 
all nodes composing the posterior half of the 
globe. This prevented the globe from accel- 
erating posteriorly when the extraocular 
muscle forces were applied. 

Computer analysis of the model was per- 
formed using a commercial finite element 





Table 1.— Values for Definition of the 
Finite Element Model 


Measurement Value 



















Radius of central 8 mm 
corneal curvature 

Diameter of the 12 mm 
cornea 

Axial length of eye 23.9 mm 

Central corneal 0.55 mm 
thickness 

Peripheral corneal 1mm 
thickness adjacent 
to limbus: 

Elastic modulus * 
Cornea 3 X 10* dyne/ mm? 
Limbus 5 X 10* dyne/ mm* 
Sclera 7 X 10* dyne/ mm? 
Bowman's 7 X 10* dyne/mm? 

membrane 
Descemet's 6 X 10* dyne/ mm? 
membrane 

Poisson's ratio'' 0.45 

Intraocular pressure 15 mm Hg 

Resting rectus 4800 dyne 







muscle tension'* 





* Values for elastic moduli are best estimates from 
reviews of the literature." '5.76.19.21,24.25 


analysis program (COSMOS/M; Structural 
Research and Analysis Corp, Santa Monica, 
Calif) on a personal computer (IBM 386; 
IBM, Chicago, Ill) with double-precision, 
floating point, arithmetic capabilities. 

Stress distributions and displacements 
were plotted following application of resting 
muscle tension" at insertion distances of 2.2 
and 8.8 mm from the limbus. Resultant 
corneal curvature was calculated by fitting 
a parabola to the coordinates of the three 
most apical nodes. To mimic the superior 
rectus recession experiment, one muscle 
was recessed in the model while the other 
muscle, 90° away, was not recessed. The 
resultant corneal curvatures were calculat- 
ed in the meridian of the recessed muscle, 
the meridian of the unrecessed muscle, and 
the 45° meridian between the two. 


Statistical Methods 


Preoperative measurements were sub- 
tracted from postoperative measurements, 
and the differences between control and 
experimental groups were compared using 
two-sample ¢ tests. Observations of the 
control group could not be considered sta- 
tistically independent because both eyes of 
each rabbit were included. However, using 
the Corneal Modeling System measure- 
ments, the interclass correlation (averaged 
for all corneal locations) was calculated" 
and was not significantly different from 
zero (r=.24, P>.10). Thus, it was reason- 
able to consider the eight eyes in the control 
group as eight individuals and to perform 
standard statistical tests. 

Using repeated measurements, the in- 
traobserver SD was calculated as the 
square root of the pooled, within-rabbit 
variance, which was pooled for all eyes and 
measurement locations. All statistical tests - 
were performed using a two-sided, .05 sig- 
nificance level. 
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RESULTS 
Superior Rectus Surgery 


The measurements obtained 1 day 
and 2 weeks after surgery did not 
differ statistically. Therefore, only the 
measurements obtained 2 weeks after 
surgery are detailed. Table 2 shows 
the mean changes in corneal curvature 
at all measured locations for each 
group of eyes. Postoperative corneal 
flattening occurred after superior rec- 
tus recession, and this was significant- 
ly different from that of the control 
group in the following octants (group 
that underwent recession vs the con- 
trol group): superior octant at 1.5 mm 
from the corneal apex (— 1.80 +0.37 D 
vs —0.16+0.38 D; P<.01), superior 
octant at 3 mm from the corneal apex 


(-—2.10+0.380 D vs -—0.61+0.50 D; 
P<.05), superotemporal octant at 
15 mm from the corneal apex 


( —1.45+0.44 D vs +0.10+0.26 D; 
P<,01), and superotemporal octant at 
3 mm from the corneal apex 
(—1.77+0.85 D vs —0.01+0.30 D; 
P<.01). The comparisons between to- 
pographic changes at all other loca- 
tions were not statistically significant. 
Eyes that underwent superior rectus 
resection did not show statistically sig- 
nificant changes in corneal topography 
at any of the nine locations examined 
compared with the eyes of the control 
group. 

Figure 1 shows the corneal topo- 
graphic map of an eye that underwent 
superior rectus muscle recession and 
experienced postoperative flattening 
of 1.60 D in the superotemporal octant 
(3 mm above the corneal apex on the 
135° axis). 

Neither average keratometric nor 
average vector-corrected keratometric 


Corneal Location, Control Group, 
mm D 

—0.42 

—0.16 + 0:38 

—0.61 








Central 
Superior, 1.5 
Superior, 3 


+ 
Superotemporal, 1.5 +0.10 + 0.26 
Superotemporal, 3 —0.01 + 0.30 
Superonasal, 1.5 —0.85 + 0.58 
Superonasal, 3 —0.31 + 0.31 
Temporal, 1.5 +0.01 + 0.41 
Temporal, 3 —0.14 + 0.50 
Nasal, 1.5 —0.51 + 0.48 
Nasal, 3 —0.35. + 0.27 
Inferior, 1.5 —0.89 + 0.39 
Inferior, 3 —0.04 + 0.40 
Inferotemporal, 1.5 —0.54 + 0:35 
Inferotemporal, 3 —0.26 + 0.51 
Inferonasal, 1.5 —0.26 + 0.49 
Inferonasal, 3 —0.65 + 0.32 








*P < .01 for recession group vs control group. 
tP < .05 for recession group vs control group. 
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Table 2.— Comparison of Mean (+ SE) Changes in Corneal Curvature After Superior 


Rectus Surgery as Measured by the Corneal Modeling System 





cylinder readings at 90? were signifi- 
cantly different between the control 
and experimental groups (Table 3). 

The intraobserver SD of repeated 
measurements of rabbit corneas was 
+0.31 D using the Corneal Modeling 
System and +0.54 D using the 
keratometer. 


Disinsertion of All Rectus Muscles 


Table 4 presents the topographic 
results of disinserting all rectus mus- 
cles from the globe compared with the 
topographie results of a sham proce- 
dure (360* limbal peritomy) and muscle 
reinsertion. All rings of the corneas in 
the former group flattened by 
+1.46+0.13 diopters compared with 
an average of +0.042+0.02 D 
(P<.00001) in corneas of the latter 


group. 
Finite Element Model Results 


The model predicts a concentration 
of stress at the origin of the muscle 
insertions and a decrease in stress with 
increasing distance from the insertion. 
The peripheral cornea in the region of 
the muscle insertion shows more stress 
(Fig 2) and displacement (Fig 3) than 
does the peripheral cornea not in the 
meridian of the extraocular muscle. 

Corneal curvature before and after 
application of extraocular muscle 
forces is shown in Table 5. The model 
predicts a flattening of the cornea 
when all extraocular muscles are re- 
cessed 2.2 to 8.8 mm from the limbus 
and further flattening when the mus- 
cles are completely disinserted. From 
a preoperative uniform curvature of 
49.8 D, recession of one muscle result- 
ed in a 1.8-D flattening in the meridian 
of the recessed muscle, no change in 


Resection Group, 
D 


+0.67 + 0.91 





Recession Group, 
D 











—0.94 





—1.80 + 0.37* —0.69 + 0.51 
—2.10 + 0.30t —0.70 + 0.41 
—1.45 + 0.44* —0.60 + 0.51 
—1.77 + 0.35* —0.45 + 0.45 
—1.39 + 0.53 —0.96 + 0.48 
—1.22 + 0.47 —0.72 + 0.44 
—0.86 + 0.29 —0.59 + 0.66 
—1.29 + 0.46 —0.70 + 0.62 
—1.30 + 0.61 —0.90 + 0.24 
—0.75 + 0.43 —0.21 + 0.26 
—0.62 + 0.21 —0.16 + 0.44 
—0.75 + 0.29 —0.65 + 0.48 
—0.84 + 0.12 —0.52 + 0.64 
—0.92 + 0.26 —0.36 + 0.73 
—0.32 + 0.31 —0.66 + 0.37 
—0.39 + 0.34 —0.14 + 0.27 





Extraocular Muscle Surgery — Kwitko et al 


curvature in the meridian of the mus- 
cle that did not undergo surgery, and a 
1.2-D flattening in the meridian 45° 
between the two muscles. 


COMMENT 


The influence of extraocular muscles 
on corneal topography is not well un- 
derstood, but changes in refractive er- 
ror after extraocular muscle surgery 
have been reported. Marshall report- 
ed changes in corneal astigmatism in 
6096 of patients undergoing strabismus 
surgery. Thompson and Reinecke" re- 
ported a high incidence of increased 
with-the-rule astigmatism after hori- 
zontal-muscle, recession-resection sur- 
gery; this change in corneal astigma- 
tism was reported to be as high as 2 D. 

Changes in corneal curvature have 
also resulted from accommodative con- 
vergence, Fairmaid' and Lópping and 
Weale' reported up to a 1.5-D flatten- 
ing of the horizontal meridian of the 
cornea after accommodative conver- 
gence that was apparently induced by 
medial rectus contraction. 

Corneal curvature in these earlier 
studies was evaluated using a kerato- 
meter, which measures only the cen- 
tral (1.5 mm from the apex) cornea; 
consequently, accurate assessment of 
regional and peripheral corneal topog- 
raphy was impossible. The computer- 
assisted photokeratoscopy of the Cor- 
neal Modeling System allows a detailed 
study of almost the entire corneal sur- 
face," permitting study of regional 
changes of corneal topography after 
muscle surgery. 

The Corneal Modeling System pro- 
vides a measure of curvature of cali- 
brated steel balls as accurate and re- 
producible as that obtained with the 
Bausch & Lomb keratometer" In- 
traobserver SD using the Corneal 
Modeling System with steel balls is 
+0.25 D.” We found an intraobserver 
SD of +0.31 D when evaluating nor- 
mal rabbit corneas. This confirms the 
accuracy and reproducibility of results 
when using this equipment. 

Using this technology to assess 
changes in corneal topography after 
superior rectus muscle surgery, we 
demonstrated an apparent affect of 
this muscle on corneal shape that pri- 
marily involved the peripheral cornea 
in the quadrant of its insertion. After 
weakening the superior rectus muscle, 
statistically significant corneal flatten- 
ing (—1.78+0.16 D) occurred in the 
superior and superotemporal octants 
of rabbit corneas compared with con- 
trol corneas. This suggests that the 
superior rectus muscle has some influ- 
ence on corneal topography (ie, weak- 
ening of the muscle induces a corneal 
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PATIENT: Rabbit 1922, 
CLINIC: AL 


| NER JEN 


Fig 1.— Preoperative (top) and postoperative (bottom) corneal topog- 
raphy contour maps of a rabbit that underwent superior rectus muscle 
recession. The superotemporal octant at 3 mm from the corneal apex 


(cursor) flattened 1.60 D after surgery. 


Fig 3.—Color-coded displacement plot of the eye wall along the 
anteroposterior axis demonstrating displacement of the peripheral 


cornea related to the extraocular muscles. 


relaxation in that region, leading to 
local flattening). 

Assuming that the forces of the rec- 
tus muscle affect corneal topography, a 
balance between tensions exerted by 
the four rectus muscles may be neces- 
sary to maintain a regular corneal to- 
pography. When the muscle is de- 
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Fig 2.— Top, Color-coded stress contour plot of the eye wall after 
application of resting rectus muscle tension and an intraocular pres- 
sure of 15 mm Hg. Bottom, Close-up of stress contour plot showing the 


cornea, limbus, and muscle insertions. 


tached and placed behind its original 
insertion, the tension of the muscle 
decreases”; the cornea close to this 
particular muscle will suffer less stress 
from muscle tension, and a relaxation 
and flattening of the cornea at this 
location is expected. However, when a 
portion of a rectus muscle is resected, 





the tension of the muscle increases,” 


but its scleral insertion is not dis- 
placed. The other rectus muscles 


might compensate for the greater ten- 
sion of the resected muscle, thereby 
keeping the eye aligned. Evidence of 
this is that resection corrects much 
less deviation than does a similar 
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Table 3.—Comparison of Mean (+ SE) Changes in Average Keratometry and 
Vector-Corrected Keratometric Cylinder Following Superior Rectus Surgery * 


Change in Average 


Keratometry, D 
—0.66 + 0.39 
—0.67 + 0.36 
—0.36 + 0.49 


Control 
Recession 
Resection 


Change in Vector-Corrected 
Keratometric Cylinder at 90°, D 





* Differences between groups were not statistically significant. 


Table 4.—Curvature Changes (Mean + SE) Induced by Disinsertion of All Recius 
Muscles, D 


Ring No. Surgical Group (n = 6) 


I+ HR I+ I+ I+ 


Sham Group (n = 6) 


—0.03 + 0.22 
—0.35 + 0.10 
—0.08 + 0.07 
+0.18 + 0.07 
+0.49 + 0.08 





Table 5.—Finite Element Model: Calculated Effects of Extraocular Muscle Tension on 
Corneal Curvature 


Muscle Tension 


No extraocular muscle tension 48.0 48.0 48.0 


Muscles 1 and 2 at 2.2 mm from limbus 


Muscle 1 


Calculated Corneal Curvatures in 
Each Meridian, D 


ee eo 


45° Between 


Muscle 2 Muscles 1 and 2 


49.8 49.8 48.6 


Muscles 1 and 2 recessed to 8.8 mm 48.6 48.6 48.6 


Muscle 1 at 8.8 mm, muscle 2 at 2.2 mm 


amount of recession performed on the 
same muscle.” This might explain 
why no corneal topographic changes 
were seen after muscle resection in our 
study. 

The superior rectus muscle inserts 
closer to the limbus in the rabbit eye 
(2.5 mm)? than in humans (7.7 mm). 
This anatomic difference might predis- 
pose to a greater affect of these mus- 
cles on rabbit corneal topography than 
on human corneal topography. Never- 
theless, our results qualitatively agree 
with the findings of Thompson and 
Reinecke,” who showed an increase in 
with-the-rule astigmatism in patients 
after horizontal-muscle, recession-re- 
section surgery (ie, a flattening in the 
meridian during surgery). 

Another anatomic feature to be con- 
sidered is scleral thickness, which in 
the rabbit eye is 50% thinner at the 
equator and approximately six times 
thinner at the posterior pole than that 
of the human eye.”” At the limbus and 
anterior to the rectus muscle inser- 
tions, however, the difference in rabbit 
. and human scleral thickness is not so 
pronounced (0.2 mm thinner in the 
rabbit eye). This area of sclera con- 
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48.0 49.8 48.6 





necting the muscle insertion and the 
peripheral cornea is subject to muscle 
tension and will ultimately deform the 
corneal periphery. Based on the simi- 
larity of human and rabbit scleral 
thiekness in this area, one would not 
expect scleral thickness to have an 
important affect on corneal topography 
in either animal. 

Our results, however, do not agree 
with those of human corneal flattening 
at the horizontal meridian after con- 
vergence-accommodation as reported 
by Fairmaid* and Lópping and Weale.’ 
Nevertheless, corneal topographic 
changes after accommodation may not 
reflect changes induced only by the 
medial rectus, and human and rabbit 
corneas might have different respons- 
es due to accommodation. Further- 
more, the type of keratometer used in 
the previous studies does not provide 
regional information of corneal topog- 
raphy, unlike the computer-assisted 
video keratoscope used in our study. 

The finite element method” of struc- 
tural analysis was used in this study to 
determine how stress from extraocular 
muscles is distributed and how it af- 
fects corneal curvature. The predic- 


tions of this model, namely, corneal 
curvature changes in response to alter- 
ing extraocular muscle insertion rela- 
tive to the limbus, agreed in direction 
and, roughly, in magnitude with the 
data from experimental surgery on 
rabbit eyes. Recession of one extraocu- 
lar muscle in this model, as in the 
rabbit eyes, flattened the cornea in the 
meridian of the muscle, caused less 
marked flattening in the meridian 45° 
away, and did not change curvature in 
the meridian of the unrecessed muscle 
90° away. 

One limitation of our study was the 
relatively short interval (2 weeks) be- 
tween surgery and final topographic 
measurement and killing of the ani- 
mals. Our results, however, showed 
that topographic changes were nearly 
instantaneous, with no difference be- 
tween measurements at 1 day and 2 
weeks after surgery. This corrobo- 
rates predictions of our finite element 
model, which does not consider possi- 
ble wound-healing phenomena and pre- 
dicts essentially instantaneous corneal 
topographic changes after muscle 
recession. 

Data from surgery on single and 
multiple extraocular muscles in rabbits 
and from a computer model confirm 
that extraocular muscle tension could 
influence corneal topography. Further 
human studies are necessary to define 
the relationship between extraocular 
muscle tension and corneal topography 
and the possible role of this relation- 
ship in phenomena such as diurnal 
fluctuation in corneal topography. 


This study was supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness, Inc, New York, NY; by a grant from the 
Autry Foundation, Los Angeles, Calif; and by 
Core Grant EY03040 from the National Eye Insti- 
tute, Bethesda, Md. 

The authors have no commercial or proprietary 
interest in the products mentioned in this article. 

James Gauderman, MS, the Biostatistical Cen- 
ter, aided in the statistical interpretation of the 
data. Jenny Garbus provided technical assistance. 


References 


1. Kiely PM, Carney LG, Smith G. Diurnal vari- 
ations of corneal topography and thickness. Am J 
Optom Physiol Optics. 1982;59:976-982. 

2. Mandell RB, Fatt I. Thinning of the human 
cornea on awakening. Nature. 1965;208:292-293. 

3. MacRae S, Rich L, Phillips D, Bedrossian R. 
Diurnal variation in vision after radial keratotomy. 
Am J Ophthalmol. 1989;107:262-267. 

4. Busin M, Yau CW, Avni I, MeDonald MB, 
Kaufman HE. The effect of changes in intraocular 
pressure on corneal curvature after radial 
keratotomy in the rabbit eye. Ophthalmology. 
1986;93:331-334. 

5. Cuttone JM, Durso F, Miller M, Evans LS. 
The relationship between soft tissue anomalies 
around the orbit and globe and astigmatic refrac- 
tive errors: a preliminary report. J Pediatr Ophth- 
almol Strabismus. 1980;17:29-36. 


Extraocular Muscle Surgery —Kwitko etal 877 





ram 
"m 





Tu T «x 


^. x 


m 
MESS 





6. Smiddy WE, Loupe DN, Michels RG, Enger 
C, Glaser BM, DeBustros S. Refractive changes 
after scleral buckling surgery. Arch Ophthalmol. 
1989;107:1469-1471. 

7. Lépping B, Weale RA. Changes in corneal 
curvature following ocular convergence. Vision 
Res. 1965;5:207-215. 

8. Fairmaid JA. The constancy of corneal curva- 
ture: an examination of corneal response to changes 
in accommodation and convergence. Br J Physiol 
Optics. 1959;16:2-9. 

9. Marshall D. Changes in refraction following 
operation for strabismus. Arch Ophthalmol. 
1936;15:1020-1031. 

10. Thompson WE, Reinecke RD. The changes 
in refractive status following routine strabismus 
surgery. J Pediatr Ophthalmol Strabismus. 
1980;17:372-374. 

11. Schachar R, Black T, Huang T. A Physicist’s 
View of Radial Keratotomy With Practical Surgi- 
cal Implications. Denison, Tex: LAL Publishing; 
1980:195-219. 

12. Bercovier H, Hanna K, Jouve F. An analysis 
of refractive surgery by the finite element method. 
Comput Mechan. 1986:4:143-148. 

13. Bryant MR, Velinsky SA, Plesha ME, 
Clarke GP. Computer-aided surgical design in re- 
fractive keratotomy. CLAO J. 1987;13:238-242. 

14. Huang T, Bisarnsin T, Schachar RA, Black 
TD. Corneal curvature change due to structural 
alteration by radial keratotomy. J Biomech Eng. 
1988;110:249-253. 

15. Hanna KD, Jouve F, Bercovier MH, Waring 
GO. Computer simulation of lamellar keratectomy 
and laser myopic keratomileusis. J Refract Surg. 
1988;4:222-231. 


16. Vito RP, Shin TJ, MeCarey BE. A mechani- 
cal model of the cornea: the effects of physiological 
and surgical factors on radial keratotomy surgery. 
Refract Corneal Surg. 1989;5:82-88. 

17. Bryant MR, Velinsky SA. Design of kerator- 
efractive surgical procedures: radial keratotomy. 
In: Proceedings of the 1989 ASME Design Tech- 
niques Conference. 1989;1:383-391. 

18. Hanna KD, Jouve FE, Waring GO. Prelimi- 
nary computer simulation of the effects of radial 
keratotomy. Arch Ophthalmol. 1989;107:911-918. 

19. Kobayashi AS, Woo LY, Lawrence C, Schle- 
gel WA. Analysis of the corneo-scleral shell by the 
method of direct stiffness. J Biomechan. 1971; 
4:323-330. 

20. Collins R, Van der Werff TJ. Mathematical 
Model of the Dynamics of the Human Eye. New 
York, NY: Springer-Verlag NY Inc; 1980. 

21. Kobayashi AS. Mechanics and analysis of 
tonometry procedures by finite-element modeling 
of the cornea-scleral shell. In: Ghista DN, ed. Bio- 
mechanics of Medical Devices. New York, NY: 
Marcel Dekker Inc; 1981. 

22. Jaffe NS, Clayman HM. The pathophysiolo- 
gy of corneal astigmatism after cataract extraction. 
Trans Am Acad Ophthalmol Otolaryngol. 1975; 
19:615. 

23. Zienkiewicz OC. The Finite Element Meth- 
od. New York, NY; McGraw-Hill International 
Book Co; 1977. 

24. Woo LY, Kobayashi AS, Schegel WA, Law- 
rence C. Nonlinear material properties of intact 
cornea and sclera. Exp Eye Res. 1972;14:29-39. 

25. Nyquist GW. Rheology of the cornea: experi- 
mental techniques and results. Exp Eye Res. 
1968;7:183-188. 


CORRECTION 
Typographical Error.—In the article entitled “Ocular Injuries Caused by Elas- 


" n * . v + 





26. Robinson DA. A quantitative analysis of ex- 
traocular muscle cooperation and squint. Invest 
Ophthalmol Vis Sci. 1975;14:801-826. 

27. Snedector GW, Cochran WG. Statistical 
Methods. Ames, Iowa: The Iowa State University 
Press; 1967:185-187. 

28. Gormley DJ, Gersten M, Koplin RS, Lubkin 
V. Corneal modeling. Cornea. 1988;7:30-35. 

29. Hannush SB, Crawford SL, Waring GO III, 
Gemmill MC, Lynn MJ, Nizam A. Accuracy and 
precision of keratometry, photokeratoscopy, and 
corneal modeling on calibrated steel balls. Arch 
Ophthalmol. 1989;107:1235. 

30. Krishnan VV, Stark L. Model of the dispari- 
ty vergence system. In: Schor CM, Ciuffreda KJ, 
ed. Vergence Eye Movements: Basic and Clinical 
Aspects. Stoneham, Mass: Butterworths; 1983:349- 
371. 

31. Bedrossian EH. The Surgical and Nonsur- 
gical Management of Strabismus. Springfield, Ill; 
Charles C Thomas Publisher; 1969:160-211. 

32. Helveston EM. Atlas of Strabismus Sur- 
gery. St Louis, Mo: Mosby-Year Book; 1973:177- 
218. 

33. Prince JH, Diesem CD, Eglitis I, Ruskell — 
GL. Anatomy and Histology of the Eye and Orbit 
in Domestic Animals. Springfield, Ill; Charles C 
Thomas Publisher; 1960:260-297. 

34. Hugonnier R, Clayette-Hugonnier S. Stra- 
bismus, Heterophoria, Ocular Motor Paralysis: 
Chemical Ocular Muscle Imbalance. St Louis, Mo: 
Mosby- Year Book; 1969:33-45. 

35. Duke-Elder S, Wybar KC. The fibrous tunic: 
the sclera. In: Duke-Elder S, ed. System of Oph- 
thalmology: The Anatomy of the Visual System. St 
Louis, Mo: Mosby—Year Book; 1961;2:82-92. 


tic Cords,” published in the March 1991 issue of the ARCHIVES (1991;109:371-372), 
there was a typographical error in the table. The last entry in the fourth column, 
second to last row, should have been “cryotherapy” instead of “chemotherapy.” 





878 Arch Ophthalmol— Vol 109, June 1991 


Extraocular Muscle Surgery — Kwitko et al 


T 


Outflow Facility and Its Response to Pilocarpine 
. Decline in Aging Rhesus Monkeys 


B'Ann True Gabelt, MS; Kathryn Crawford; Paul L. Kaufman, MD 


e Refractive error and total outflow fa- 
cility were determined by Hartinger coin- 
cidence refractometry and two-level con- 
stant-pressure perfusion, respectively, in 
17 rhesus monkeys, aged 5 to 29 years. 
Maximum accommodative response to 
corneal (iontophoretic) carbachol hydro- 
chloride, baseline outflow facility, and 
the facility response to strong but sub- 
maximal intracameral doses of pilocar- 
pine hydrochloride all declined with age. 
The correlation between accommodative 
response to carbachol and facility re- 
sponse to pilocarpine was slightly stron- 
ger than that between age and facility 
response. Since the ciliary muscle plays 
a major role in controlling both outflow 
facility and accommodation, and since 
histologic and videographic techniques 
demonstrate an age-related decline in 
rhesus ciliary muscle excursion induced 
by topical pilocarpine or electrical stimu- 
lation of the Edinger-Westphal nucleus, 
the present data support the hypothesis 
that an age-related decline in ciliary mus- 
cle mobility is associated, perhaps caus- 
ally, with an age-related decline in facility 
and facility responsiveness to choliner- 
gic drugs. 

(Arch Ophthalmol. 1991;109:879-882) 


n rhesus monkeys, accommodation 
induced by topical carbachol’ or elec- 
trical stimulation of the Edinger-West- 
phal nucleus’ declines with age on a 
time scale comparable, relative to life 
span, with human presbyopia. Histo- 
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logic’ and videographie techniques 
demonstrate an age-related decline in 
rhesus ciliary muscle excursion in- 
duced by topical  pilocarpine or 
Edinger-Westphal nucleus stimula- 
tion. Since the ciliary muscle plays a 
major role in controlling outflow facili- 
ty’ as well as accommodation, we de- 
termined the relationship between 
age, accommodative amplitude, out- 
flow facility, and the facility response 
to intracameral pilocarpine hydrochlo- 
ride in rhesus monkeys of different 
ages. 


MATERIALS AND METHODS 


Seventeen rhesus monkeys of both sexes, 
ranging in age from 5 to 29 years, were 
studied. Accommodative amplitude and 
outflow facility were determined on sepa- 
rate days in randomly selected opposite 
eyes, 1 to 8 weeks apart. Ketamine hydro- 
chloride (5 to 10 mg/kg intramuscularly) 
anesthesia was used for all refractions. For 
perfusion experiments, anesthesia was in- 
duced with ketamine and maintained with 
pentobarbital sodium (10 to 15 mg/kg intra- 
venously). The monkeys lay prone for all 
experimental procedures. 

All experiments in this study conformed 
to the Association for Research in Vision 
and Ophthalmology Resolution on the Use 
of Animals in Research. 


Refractions 


All refractions were done by Hartinger 
coincidence refractometry. After a baseline 
refraction, 40% carbachol hydrochloride in 
2% agar was administered by corneal ionto- 
phoresis for 15 seconds and refraction was 
measured 30, 45, and 60 minutes later. This 
dose of carbachol induces maximal accom- 
modation at all ages in this species.” Accom- 
modative amplitude was calculated as the 
difference between the most myopic refrac- 
tion after carbachol and the precarbachol 
baseline. 


Outflow Facility 


Total outflow facility was determined by 
two-level constant-pressure perfusion of 
the anterior chamber with Barany’s mock 
aqueous humor, using a single, branched 
needle. The two perfusion pressures were 
2.5 and 11.9 mm Hg above spontaneous 
intraocular pressure, and the facility values 
were corrected for the internal resistance of 
the perfusion apparatus.’ Baseline facility 
values were determined for about 30 min- 
utes. A 5-ug dose of pilocarpine hydrochlo- 
ride in 10 uL of perfusand was then injected 
into the inflow tubing close to the eye. 
After injection, 5 minutes were allowed for 
the drug to wash into the eye, after which 
the chamber contents were mixed by blow- 
ing cold air on the cornea for 3 minutes. 
Facility was then determined for 30 to 40 
minutes. Successive doses of 20, 100, and 
500 pg of pilocarpine hydrochloride were 
then given and the facility was determined 
similarly, with 40 to 50 minutes between 
doses. 


RESULTS 


Maximum accommodative amplitude 
in response to carbachol and baseline 
outflow facility both declined with age 
(Fig 1). There was also a strong corre- 
lation between baseline facility and 
maximum accommodation (Fig 1). 

Considering all the monkeys as one 
group regardless of age, there was a 
dose-dependent facility increase in re- 
sponse to intracameral pilocarpine hy- 
drochloride. The increase relative to 
baseline facility was statistically signif- 
icant at all four doses and ranged from 
twofold at the 5-wg dose to ninefold at 
the 500-ug dose (Table). However, 
there was an age-related decline in 
absolute facility after pilocarpine and 
in the facility response (facility after 
pilocarpine — baseline facility) for the 
5-, 20-, and 100-yg intracameral pilo- 
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Baseline Facility, 
uL«min «mm Hg” 


Accommodation, 
Diopters 


Baseline Facility, 
uL«*min'«smm Hg ' 





v 10 20 
Accommodation, Diopters 


Fig 1.—Age vs baseline outflow facility or 
maximal carbachol-induced accommodation 
and maximal carbachol-induced accommo- 
dation vs baseline facility in 17 rhesus mon- 
keys. Lines represent least-squares regres- 
sion of ordinate variable on abscissa variable. 


carpine hydrochloride doses, but not 
for the 500-yg dose (Fig 2). The corre- 
lation between maximal accommoda- 
tive response to carbachol and facility 
response to pilocarpine was significant 
(Fig 3) and tended to be slightly stron- 
ger than that between age and facility 
response. Stepwise regression of ac- 
eommodation and age on facility re- 
sponse, varying the order of the inde- 
pendent variables, was consistent with 
this tendency (data not shown). 


COMMENT 


Our data demonstrate that in the 
rhesus monkey, maximum carbachol- 
induced accommodation, resting total 
outflow facility, and outflow facility 
responses to submaximal intracameral 
doses of pilocarpine all decline with 
age. Given these associations, it is not 
surprising that positive correlations 
exist between accommodative ampli- 
tude and resting facility and between 
accommodative amplitude and facility 
responsiveness to pilocarpine. Since 
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Pilocarpine 
Hydrochloride 
m ug 


100 16 


1.707 + 0.302 1.381 + + 0.2921 5.281 + 0.9261 
500 161 2.813 + 0.639 2.487 + 0.636§ 9.364 + 2.318§ 


* Values are mean+ SEM total outflow facility. C, indicates postpilocarpine facility; Cy, baseline facility (Cp 
at O ug of pilocarpine hydrochloride). 

tSignificantly different from 0.0 (Co — Co) or 1.0 (C,/C,) by the two-tailed paired t test, P < .001. 

Monkey movement dislodged the needle from one eye. 

8P « .005. 


Fig 2.—Age vs outflow facility after four doses of intracameral pilocarpine hydrochloride (left) 
and outflow facility difference between value after pilocarpine administration and baseline (right) 
in rhesus monkeys. Lines represent least-squares regression of facility on age. There were 17 
monkeys for the 5- and 20-ug doses but only 16 for the 100- and 500-ug doses (monkey 
movement dislodged the needle from one eye). For the 100-,.g dose, the solid line represents 
the regression excluding the outlying open point (n — 15), while the broken line includes that 
point (n — 16). 


6 
5 
4 
3 
2 





Outflow Facility, uLemin «mm Hg 
, DH uu, uie 1r *eoue1eyiq ÁLL MORNO 


Outflow Facility — Gabelt et al 


Outflow Facility, uLemin «mm Hg" 


0 10 20 





6H wws uiu. qT *eoued8yig Ájoe4 MORNO 


10 20 


Accommodation, Diopters 


Fig 3.—Accommodation vs outflow facility after intracameral pilocarpine hydrochloride (left) 
and outflow facility difference between value after pilocarpine administration and baseline (right) 
in rhesus monkeys. Conditions, symbols, and analysis are as in Fig 2. 


ciliary muscle contraction mediates 
both accommodation and facility re- 
sponse to pilocarpine,' these findings 
could all be consequent to the age- 
related decline in  cholinomimetic 
drug- and central stimulation-induced 
ciliary muscle movement previously 
described in this monkey species." 
That the accommodation vs facility re- 
sponse relationship tended to be slight- 
ly stronger than the age vs facility 
response relationship further supports 
decreased ciliary muscle mobility as 
the proximate common factor. 

The highest intracameral pilocarpine 
hydrochloride dose used, 500 yg, is at 
least five times maximal in the only 


_ slightly smaller eyes of young adult 


cynomolgus (Macaca fascicularis) and 
vervet (Cercopithecus ethiops) mon- 
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keys." We employed such a putatively 
far-supramaximal dose to assure maxi- 
mal ciliary muscle stimulation even in 
our largest and oldest rhesus monkey. 
At this dose, which corresponds to an 
initial intracameral pilocarpine concen- 
tration of about 17 mmol/L in the ap- 
proximately 120-~L rhesus anterior 
chamber, the facilities after pilocar- 
pine were higher but more variable 
than at the lower doses (Table), and 
the age vs facility and accommodation 
vs facility relationships were lost (Figs 
2 and 3). These findings may indicate a 
nonpharmacologic effect or an effect on 
a factor other than conventional facili- 
ty contributing to total facility (eg, 
pseudofacility). Such an interpretation 
is supported by the observation that 
the ratio of the facilities (C) following 


the 500- and 100-ug doses was 
higher than the ratio of facilities fol- 
lowing the 100- and 20-pg doses: 
(Cry /0,,71.604 + 0.175; C,, /C,= 
1.224+0.168; [C4 Cio] / [Crop / Coo] = 
[Coy X C417 [C,] 22.167 + 0.572, sig- 
nificantly different from 1.0 at P=.059 
by the two-tailed paired f test). This 
would not be expected for a typical 
dose-response relationship. 

Several cross-sectional studies in 
normal nonglaucomatous humans have 
demonstrated that total outflow facili- 
ty declines with age, whether the facil- 
ity measurements are made tonogra- 
phically or fluorometrically in vivo or 
by perfusion following enucleation.” 
The magnitude of the age-related facil- 
ity decrease was remarkably similar 
from study to study, declining by 
about 30% from the youngest (<40 
years) to the oldest (>60 years) sub- 
jects. A comparable age-related facili- 
ty decrease was also observed tonogra- 
phically in patients with primary open 
angle glaucoma” and by perfusion in 
enucleated bovine eyes." 

The ciliary muscle plays a pivotal 
physiologic role in conventional (tra- 
becular) outflow.* The tendons of the 
ciliary muscle bundles extend anterior- 
ly to form part of the elasticlike net- 
work of the corneoscleral meshwork, 
which in turn is interconnected with 
the elasticlike tissues of the juxtacana- 
lieular and inner-wall region." By this 
complex arrangement, ciliary muscle 
contraction spreads the trabecular la- 
mellae and expands the cribriform re- 
gion and Schlemm’s canal, reducing 
conventional outflow resistance. As 
viewing distance shifts back and forth 
between distance and near objects, the 
ciliary muscle must contract and relax 
substantially. Even when focus is at a 
fixed distance, there must be, as in 
other neuromuscular systems, fre- 
quent microcontraction and relaxation 
of the ciliary muscle to maintain it, ie, 
a continual "zeroing in" of the system. 
Given their anatomic relationship, 
such alternating contraction and relax- 
ation of the ciliary muscle may gener- 
ate tremendous distortional forces 
within the meshwork. In conjunction 
with aqueous flow, this could help 
cleanse the meshwork of debris. With 
age, as the ciliary muscle loses its 
ability to move," this self-cleansing 
mechanism could diminish, thus allow- 
ing extracellular material to accumu- 
late within the meshwork interstices 
and thereby increasing outflow resis- 
tance. In both normal human" and 
rhesus monkey" eyes, extracellular 
material within the cribriform region 
of the meshwork does indeed increase 
with age. 
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Our data support the hypothesis 
that in the rhesus monkey, an age- 
related decline in ciliary muscle mobil- 
ity is associated with an age-related 
decline in outflow facility and facility 
responsiveness to cholinergic drugs. 
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Subhyaloid Hemorrhage Illustrating 
a Mechanism of Macular Hole Formation 





Fig 1.—Fundus photograph showing boat-shaped subhyaloid hemorrhage in an eye with 
proliferative diabetic retinopathy. The fovea and optic disc were spared owing to attachment of 


the posterior hyaloid in these areas. 


A 65-year-old woman with untreated pro- 
liferative diabetic retinopathy awoke 
with a ring-shaped scotoma in her right 
eye. Visual acuity in the affected eye was 
20/25. Fundus examination revealed a boat- 
shaped, subhyaloid hemorrhage in the pos- 
terior pole that spared the optic nerve head 
and the central fovea (Fig 1). On fluorescein 
angiography, the foveal avascular zone and 
surrounding capillaries were seen, but the 
fluorescence of the adjacent retina was 
blocked by the preretinal blood (Fig 2). 
Panretinal photocoagulation was per- 
formed on the peripheral retina. Ten days 
after the initial symptom, her visual acuity 
suddenly worsened to counting fingers at 


1 ft. Sne was found to have an extension of 
her posterior vitreous detachment, with 
diffusion of blood into the central vitreous. 
Within a few weeks, the blood began to 
clear, and her visual acuity gradually 
improved. 


COMMENT 


The posterior vitreous can become 
detached because of trauma, subhya- 
loid hemorrhage, surgical removal, 
and normal aging. Vitreous adhesion is 
greater in the fovea and disc, as evi- 
denced by the higher density of he- 
midesmosomes in these areas.’ Careful 
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Fig 2.—Early venous-phase fluorescein angiogram demonstrating a hypofluorescent region 





corresponding to the subhyaloid hemorrhage. Note that the capillaries surrounding the foveal 


avascular zone are still visible. 


biomicroscopic examinations have con- 
firmed these stronger foveal and disc 
adhesions, but the nearly clear vitre- 
ous is difficult to photograph. 
Subhyaloid hemorrhage is one risk 
factor considered before photocoagula- 
tion treatment of proliferative diabetic 
retinopathy. Dissection of blood into 
the potential space between the retina 
and posterior hyaloid is made possible 


by the weak adherence of the posterior 


vitreous to the retina. A gravitational 
effect produces the "deck" of the boat. 
In our patient, the fovea and disc were 
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spared because of the relatively stron- 
ger vitreous adhesions in these areas.’ 

The comparatively stronger vitreo- 
foveal adherence is probably important 
in both traumatic and idiopathic macu- 
lar hole formation.” In eyes at risk of 
developing idiopathic macular holes, 
attachment of the posterior vitreous is 
necessary for progression to a macular 
hole, while vitreous detachment is usu- 
ally found in eyes with existing macu- 
lar holes. Tangential contraction of the 
prefoveal vitreous cortex also may be a 
contributing factor. 


The initially unaffected eyes of pa- 
tients with idiopathic macular holes 
sometimes show signs of vitreous trac- 
tion, including foveal cysts, foveolar 
detachment, and alterations of the ret- 
inal pigment epithelium, before devel- 
oping holes themselves. Studies to de- 
termine the role of vitreous surgery in 
preventing macular holes in eyes with 
these signs are under way. 

Several features of this case are 
consistent with the presumed patho- 
physiologic characteristics of idiopath- 
ic macular hole formation. Idiopathic 
holes occur more often (2:1) in women,” 
perhaps because women have stronger 
vitreofoveal attachments than do men. 
Also, idiopathic holes are usually one 
third the disc diameter, as is the blood- 
free region of this patients macula. 
The spared area is more oval than are 
most macular holes, but this is proba- 
bly a gravitational effect of the blood 
lying superior to the fovea. 
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E Continuing Education for Ophthalmologists KENTUCKY 
b. This list of continuing education opportunities for ophthalmologists is published pedes ése i he Y paci Bayons 
f: thly as a service to readers to help them keep abreast of meetings and courses of touan OE ANSE erbe esos 8 
b ida d p p g Fee: $50 Contact: Norman D. Radtke, MD, 240 
ty interest and importance. Presented by regional and national location, the list is wpdated Audubon Med Plaza, Louisville Plaza, Louisville, 
Fe monthly and provides an easy reference to continuing medical education (CME) courses. KY 40217; (502) 636-2823 
E Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive months and MAINE 
Should be received at least 5 months prior to date of course, eg, for a June course by Jan 1 
. to be included in the March, April, and May issues. A course held between the first and Ann Kevin Hill Sem in Ophthalmol At: Water- 
14th days, inclusively, will appear in the preceding month's issue. The listing cannot be ville Dates: 7/21/91 to 7/25/91 Hrs Instr: 16 Reg 
E published wnless it contains the following information: title, location, date(s), sponsor(s), Fee: $395 Contact: Robert H. Kany, Dir of 
p and contact address. Optional information includes CME category 1 hours of instruction, Special Prgms, Colby Coll, Waterville, ME 
s registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 04901; (207) 872-3386 
r. and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
b 600 N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited MISSOURI 
f sponsor for more detailed information. 
E Rigid Gas Permeable Lens Prac Today & To- 
: CALIFORNIA Second Ann West Assn for Vitreoretinal Educ morrow At: St Louis Dates: 7/20/91 to 7/21/91 
F ¥ ; i i Contact: Bobbette Ceasar, Univ of Missouri, St 
- Mtg At: Maui Dates: 7/8/91 to 7/10/91 Contact: | 
d ; Bev Hawkyard, North Bay Vitreoretinal Consul- Louis Sch of Optometry, CE-Ext, 8001 Natural 
E Uveitis & Retina Frontiers: Diagnostic, Med & t 3 bn ed N Dutton Ave, Suite 160, Santa Bridge Rd, St Louis, MO 63121-4499; (314) 553- 
! Surg Approaches At: Carmel Dates: 9/13/91 to Bs CA 95401: (707) 575-5353 5604 or Judie Walter, RGP Lens Inst (314) 553- 
, 9/15/91 Contact: Univ of California, Extended om; 6235 
b red rune Room LE105, San Francis” ^ Ophthalmol Update Course At: Mauna Lani 
? E deren, (415) 476-4251; FAX (415) Dates: 12/1/91 to 12/5/91 Reg Fee: $495 Contact: NEW JERSEY 
he Emily Varnell, LSU Eye Center, 2020 Gravier 
Next Step to Phaco At: Coronado Dates: 6/28/91 St, Suite B, New Orleans, LA 70112; (504) 568- Symp for the Prac Ophthalmologist: Recent 
to 6/29/91 Sponsor: IOLAB Corp Contact: Tami 6700, ext 336 Adv in the Diagnosis and Surg Management 
Willems, IOLAB Corp, 500 IOLAB Dr, Clare- of Lacrimal Disorders At: Englewood Date: 
mont, CA 91711; 1-800-423-1871, ext 3398 ILLINOIS 9/21/91 Contact: Evelyn Le Clair, Course Coord, 
Englewood Hospital, 350 Engle St, Englewood, 
Three Steps to Phaco At: Coronado Dates: ^ An Intro to the Future of Aphakic Correction NJ 07631; (201) 894-3134 
6/28/91 to 6/29/91 Contact: Tami Willems, At: Chicago Date: 6/15/91 Hrs Instr: 6 Reg Fee: 
p IOLAB Corp, 500 IOLAB Dr, Claremont, CA $225 for phys, $25 for ATPO members, $35 for NEW YORK 
= 91711; 1-800-423-1871, ext 3398 tech(s) Sponsor: 3M Vision Care Contact: 3M 
E Pacific Coast Oto-Ophthalmol Soc 75th Ann Ch eae Adv in Cornea & External Diseases At: New 
4 Mtg At: Monterey Dates: 6/15/91 to 6/19/91 Fourth Ann Univ of Illinois (UIC) Eye Ctr Con- York Date: 6/29/91 Hrs Instr: 6.5 Reg Fee: $175; 
* Contact: Mireya Jones, PCOOS Manager, 115 tact Lens Course: Basic & Adv Topics At: residents & fellows, $75 Contact: Becky Lewis, 
: W California Blvd, Suite 405, Pasadena, CA Chicago Dates: 6/21/91 to 6/22/91 Reg Fee: $100 Course Coord, Dept of Ophthalmol, The New 
d 91105; (818) 564-8114 Contact: Contact Lens Conf Registrar, UIC York Hosp-Cornell Univ Med Coll, 1300 York 
Confs & Insts (M/C 607), Box 6998, Chicago, IL Ave, New York, NY 10021; (212) 746-2860 
San Diego Fluorescein & Laser Workshop for 60680: Tel: (312) 996-5225: FAX: (312) 996-5227 
Re Gen Ophthalmol At: San Diego Dates: 7/12/91 Alumni Day: Symp on Adv in Ocular Surg At: 
$ to 7/13/91 Hrs Instr: 12 Reg Fee: $500 Sponsor: — 26th Ann Mtg of the Am Soc of Contemporary New York Date: 9/21/91 Contact: NYU Post- 
Alcon Surgical Inc Contact: Tara Wilson, 12630 Ophthalmol Combined Mtg With the 15th In- Grad Med Sch, 550 First Ave, New York, NY 
e Monte Vista Rd, Suite 104, Poway, CA 92064; ternat! Glaucoma Cong & 10th Internati Assn 10016; (212) 263-5295 
; (619) 451-1911 of Ocular Surgeons At: Chicago Dates: 6/27/91 
. Phys Educ Prgm At: Sa» Francisco Dates: bie ke ne aa ipd OREGON 
iy IOLAB Corp, 500 IOLAB Dr, Claremont, CA 80, j $ Ninth Ann Internatl Conf of the Benign Essen- 
A 91711; 1-800-423-1871 or 1-800-352-1891 (inside Natl Eye Trauma System Ann Mtg At: Chicago tial Blepharospasm Res Found Inc At: Port- 
if Calif), ext 3398 Dates: 7/18/91 to 7/20/91 Hrs Instr: 16 for 2-day xe py 9/13/91 to 9/15/91 Contact: Benign 
E symp, 7 for wet lab & prac mgmt course R ssential Blepharospasm Research Found Ine, 
k The Basic Sci Course in Ophthalmol at Stan- — Poo $300 for 2day symp, $150 for wet lab & PO Box 12468, Beaumont, TX 77726-2468; (409) 
k: ford Univ At: Stanford Dates: 7/1/91 to 8/29/91 ‘Gin 832-0788 








Reg Fee: $1750 Contact: Basic Sci Course, 
Peter R. Egbert, MD, Dir, Dept of Ophthalmol, 
A-157, Stanford Med Ctr, Stanford, CA 94305- 
5308; (415) 725-7269 (Susan Marsh) 


FLORIDA 


Management of Retinal Vascular Disease 
Workshop At: Orlando Date: 6/22/91 Reg Fee: 
$400 Contact: Valerie Peterson, Laser Surg 
Educ Group, PO Box 27326, Salt Lake City, UT 
84127; 1-800-245-5229, ext 2036 


prac mgmt course Sponsor: Univ of Illinois at 
Chicago & the Natl Eye Trauma System Con- 
tact: Natl Eye Trauma System Ann Mtg, Univ 
of Illinois at Chicago, UIC Eye Ctr, Office of 
Spec Prgm(s), 1855 W Taylor St, Chicago, IL 
60612; (312) 996-4747 


The First Ronald G. Michels/Natl Eye Trauma 


Sys Lec: Vitrectomy for Penetrating Ocular 
Trauma At: Chicago Date: 7/19/91 Lecturer: 
Stephen J. Ryan, Jr Contact: Catherine M. 
Brod, CME Coord, UIC Eye Ctr, 1855 W Taylor 
St, Chicago, IL 60612; (312) 996-4747; FAX (312) 
996-7770 


Next Step to Phaco At: Chicago Dates: 8/23/91 to 





TEXAS 


Phacoemulsification & Small Incision lOLs: 
Lecture & Lab Course At: Houston Dates: 
8/2/91 to 8/3/91 Contact: Carol J. Soroka, Prgm 
Coord, Office of CE, Baylor Coll of Med, One 
Baylor Plaza, Houston, TX 77030; (713) 798-6020 


UTAH 


Management of Retinal Vascular Disease 
Workshop At: Salt Lake City Date: 7/13/91 Reg 


; i HAWAII IM Fee: $400 Contact: Valerie Peterson, Laser 
E te ne. Ste ae Luna bor ue A A Surg Educ Group, PO Box 27326, Salt Lake 
| EY Se zio se r, Claremont, CA 91711; 3- City, UT 84127; 1-800-245-5229, ext 2036 

4 ¿Curr Ophthalmol: A Review for the Prac Oph- 1871 or (800) 352-1891 (inside Calif) Y 


Dorem ant At: Kamuela Dates: 8/3/91 to 

* 28/10/91 Hrs Instr: 28,25 Reg Fee: $630 Contact: 

y ; B. Johnson, USC Sch of Med, 1975 Zonal Ave, 

= Los Angeles, CA 90033; (213) 342-2545; FAX 
5 » (213) 342-2152 > ; 


Three Steps to Phaco At: Chicago Dates: 8/23/91 WISCONSIN 
to 8/24/91 Contact: Tami Willems, IOLAB Corp, * 
500 IOLAB Dr, Claremont, CA 91711; (800) 423- Adv Vitreoretinal Symp At: Milwaukee Dates: 
| 1871 or (800) 352-1891 (inside Calif) 1/25/91 to 7/21/91 Reg Fee: $400, by May 15; $450 
£ 
. 
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after May 15; $200, residents/fellows Contact: 
William F. Mieler, MD, Eye Inst/Med Coll of 
Wisconsin, 8700 W Wisconsin Ave, Milwaukee, 
WI 53226; (414) 257-5544 


Join Dr. Hanley 


“I think one of the greatest con- 
tributions of the AMA is its activities 
on behalf of the most vulnerable in 
our society, children. 

"The AMA adolescent health 
program is a great benefit to physi- 
cians who practice adolescent 
medicine and to policy-makers. But 
there is so much more that needs to 
be done. The AMA deals with the 
seemingly countless number of 
issues confronting medicine. And 
because it does, it gives me a great 
feeling of hope about the future. 

“I can't imagine what the state 
of medicine would be without the 
American Medical Association." 

Join Dr. Kay Hanley, 
Pediatrician, in the American 
Medical Association. Call this toll- 
free number now. 


EE join The AMA. 
BC 1-800-AMA3211 


oa 
D * 


FOREIGN 


Natl Res Symp on Contact Lenses At: Toronto, 
Ontario, Canada Dates: 8/9/91 to 8/11/91 Spon- 
sor: Bausch & Lomb Contact: Bausch & Lomb, 
Attn: Ms Sue Cornell, Travel & Mtg Dept, 1400 
N Goodman St, Rochester, NY 14692; 1-800-344- 
8815, ext 8341 


Vitreo-Retinal Convention At: Madras, India 
Dates: 9/7/91 to 9/8/91 Contact: Dr Amar Agar- 
wal, Dr Agarwals Eye Institute, 13 Cathedral 
Rd, Madras 600 086, India 





Biomaterials in Ophthalmol: Second Interdisci- 
plinary Symp At: Florence, Italy Date: 7/4/91 
Contact: Piera Versura, MD, Inst of Ophthal- 
mol, Univ of Bologna, Via Massarenti 9, 40138 
Bologna, Italy; Tel: +51-342821; FAX: -51- | 
538711 | 


Internat! Symp on Graves’ Ophthalmol At: Am- 
sterdam, the Netherlands Contact: Amsterdam 
Thyroid Club, c/o W. M. Wiersinga, MD, Dept of 
Endocrinology, F5-258, Academic Med Ctr, Mei- 
bergdreef 9, 1105 AZ Amsterdam, the 
Netherlands 





Optics '91 Exhibition At: Singapore Dates: 
9/12/91 to 9/15/91 Contact: Jimmy Bong, 151 
Chin Swee Rd No. 03-04A, Manhattan House, 
Singapore 0316; Tel: 7329811; FA X: 7328661 





Bi-ann Octopus Users’ Mtg At: Bern, Switzer- 
land Dates: 9/5/91 to 9/7/91 Contact: Diana 
Stout, Interzeag Inc, 100 Otis St, Northboro, | 
MA 01532; (508) 393-5726; FAX (508) 393-3601 


American Medical Association 








iM Massachusetts Ocular Inflammation and Systemic 
A JS Eye and Ear Immune Dysfunction: 
NEZ» Infirmary Diagnosis and Treatment Strategies 


is 
Nov. 21-23, 199] 
In conjunction with the Postgraduate Medical Institute 
Under the direction of C. Stephen Foster, MD 
Guest Faculty: MEEI and Harvard Faculty: 
William Culbertson, MD Kurt Bloch, MD Jeffrey Gilbard, MD Helen Wu, MD 
When does ocular inflammation signal systemic immunity problems? How are these disorders treated 
€ 






Richard Moscicki, MD Richard Dallow, MD 





Mitchell Opremcak, MD Michael Raizman, MD Annabell Okada, MD Delia Sang, MD 
systemically 


and what's your role? These and many other questions will be answered at this course 
designed to update your skills. Special emphasis will be placed on new diagnostic and surgical techniques 
and therapeutic modalities. An extensive course syllabus will be provided. 


Course Highlights: 

E Immunology and Mechanisms of Inflammation — immuno-regulation and derangement 

E AIDS-Related Ocular Disease — treatment of cytomegalovirus and related disorders 

E Immunosuppresive Therapy — chemotherapy and management of the suppressed immune system 

You'll be invited to an evening of entertainment and dinner at a famous New England landmark. Guests 

are welcome for an additional fec, by reservation. Further details to come with confirmation of enrollment. |, 

Registration: fx T n 

E Call 1-800-322-6338, Monday through Friday, 9 AM to 5 PM, Eastern Time / JE Enjoy v € b 

® Earn 11 credit hours in Category 1 of the Physician's Recognition Award of the AMA, $350 (US) / historic . \ : 

® Reduced rate for residents/fellows (with verification) Boston: } L 

E Half-day symposium: Ocular Manifestations of Systemic Autoimmune Disease, $100 (US) The: Symphony y 

| The'Museums-.. M^ 

Plymouth Rock. ~ 

mes 


epp 


E Space is limited — reserve early 
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Department of Ophthalmology 







Alumni Day 
Saturday, September 21, 1991 






The First Harvey B. Taterka Lecture 
Robert B. Nussenblatt, M.D. 
Clinical Director, National Eye Institute 






"Surgical Management in Uveitis" 





SYMPOSIUM ON 


"ADVANC 
IN OCULAR 
SURGERY" 


FACULTY 
Harvey A. Lincoff, M.D. 
Joseph A. Mauriello, M.D. 
Leonard B. Nelson. M.D. 
Robert B. Nussenblatt, M.D. 
Andrew M. Prince, M.D. 
Barry F. Smith, M.D. 
Joel M. Solomon, M.D. 


COURSE CHAIRMAN 
Goodwin M. Breinin, M.D. 


COURSE DIRECTOR 
Kenneth G. Noble, M.D. 


"FOR FURTHER INFORMATION 
| Bur Post-Graduate Medical School 
Wa 550 First Avenue 
Aig y New York, NY 10016 
Y (212) 263-5295 


AO 6/91 





ADVANCED 
VITREORETINAL 


SYMPOSIUM 


July 25—27, 1991 
MEDICAL 


The Hyatt Regency 
COLLEGE 


Milwaukee, WI 
OF WISCONSIN 
EYE INSTITUTE 





Course Director 
William F. Mieler, M.D., FACS 





Guest Faculty 
Harry W. Flynn, M.D. 
Miami, FL 
Brooks McCuen, M.D. 
Durham, NC 
Michael T. Trese, M.D. 
Royal Oak, MI 
Relya Zivojnovié, M.D. 

Antwerp, Belgium 


Thomas Aaberg, M.D. 
Atlanta, GA 

George Blankenship, M.D. 
Hershey, PA 

Stanley Chang, M.D. 

New York, NY 





Vitreoretinal Faculty, The Medical College of Wisconsin 
Gary W. Abrams, M.D. Dennis P. Han, M.D. 
Thomas C. Burton, M.D. William F. Mieler, M.D. 


REGISTRATION LIMITED * CME Credits Available 
Early Registration (by 5/15/91)—$400 
Late Registration-$450 Residents/Fellows—$200 


For further information, contact: William F. Mieler, M.D. 
Eye Institute / Medical College of Wisconsin 
8700 W. Wisconsin Ave., Milwaukee, WI 53226 © (414) 257-5544 


This comprehensive course is 
directed to both general 
ophthalmologists and sub- 
specialists. Diagnostic and 
therapeutic techniques to 
correct pediatric and adult 
lacrimal system problems will 
be presented, including laser 
and endoscopic techniques. 


SYMPOSIUM 
FOR THE 
PRACTICING 
OPHTHALMOLOGIST 


Course Chairman: 

Joel E. Kopelman, M.D. 
Faculty: 

John Linberg, M.D. 
Cleveland, OH 

Narieman Nik, M.D. 
Washington, D.C. 

John Wobig, M.D. 
Portland, OR 

Steven McCormick, M.D. 
New York, NY 

Jonathan Christenbury, M.D. 
Charlotte, NC 

John Stabile, M.D. 
Englewood, N] 

Russell S. Gonnering, M.D. 
Milwaukee, WI 


RECENT ADVANCES 
IN THE DIAGNOSIS 
AND SURGICAL 
MANAGEMENT OF 
LACRIMAL DISORDERS 
SEPTEMBER 21, 1991 


ENGLEWOOD HOSPITAL 
ENGLEWOOD, NJ 


Sponsored by: 
Englewood Hospital, CME 
Category | Accreditation. 


For information contact: 
Evelyn Le Clair, Course Co- 
ordinator, Englewood Hospital, 
(201) 894-3135/ 

Fax (201) 894-9049 
















Threshold Amsler Grid System From Stereo Optical T m 


SENSITIVE, ACCURATE SCREENING 
OF MACULAR & PARAMACULAR 
VISUAL FUNCTION... 


In The Office, Or In The Patient's Home. 








The TAG system from Stereo Optical combines 
adjustable polarized lenses with a standard Amsler 
grid. The polarized lenses allow you to reduce the 
perceived illumination and contrast of the grid, 
resulting in a much more thorough, convenient and 
cost effective method for screening the central 

10 degrees of the visual field. 


e Detects More Scotomas 
® Detects Scotomas Earlier 


Studies show that threshold level testing is 35] 
much more sensitive than standard Amsler 
grid testing. "When the perceived luminance 
of the grid is decreased to barely above 
threshold detection of the grid, there was a 
fivefold increase in total scotoma area.”’! 


Early scotomas are often missed by 

the standard test. TAG will help 

identify shallow scotomas early in their 
formation. This means you will be able to 
begin appropriate treatment immediately. 


Help identify Macular Defects 
due to: 
* Macular Degeneration 
* Diabetic Retinopathy 
* Plaquinal Toxicity m 
* Optic Neuritis * 1 


In the Office, the test can be 
administered in less than 2 
minutes in the exam chair. 


At Home, TAG offers a more 
definitive, easier to interpret test. 





Home TAG test lets patients 
monitor and identify scotomas 
easily and comfortably. 


Stereo Optical Co., Inc. 
3539 N. Kenton Avenue 

Chicago, Illinois 6064! 
. Wall, Michael, M.D., and Sadun, 


Alfredo, M.D., "Threshold Amsler (800) 344-9500 
Grid Testing; Cross Polarizing Lenses In Illinois: (312) 777-2869 


Enhance Yield,” Archives of » a 
Ophthalmology, Vol. 104, April 1986. PAROLA TTT 4985 


Patent Number: 4,818,091 
©Copyright 1990 Stereo Optical Co. All Rights Reserved. 


— 


890 


Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 times 
or more” 
Cost per word $1.05 $ .95 


Minimum ad: 20 words per issue 


"In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Classified Display 1 Time 3 times 
or more 
Full page $655 $603 
Two-thirds page 561 516 
One-half page 495 456 
One-third page 393 362 
One-sixth page 262 241 


Column inch 90 75 
Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication will 
pub-set advertisements upon request. The 
typesetting fee is 10% of the one-time ad cost 
shown above. Special requests will be billed to 
the advertiser and/or agency at the then 
prevailing rates. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
the closing date 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 


OF 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 € 813-443-7666 


Professional Opportunities 


THE BENIGN ESSENTIAL BLEPHAROSPASM 
Research Foundation, Inc. has $100,000 available 
for blepharospasm/Meige research. Only research 
grants focused on finding a cause or cure for these 
conditions will be considered. The submission 
deadline is September 1, 1991. For more information 
and application forms, contact the Foundation at 
P.O. Box 12468, Beaumont, TX 77726-2468. 


GENERAL OPHTHALMOLOGIST WANTED: 
Board-eligible or board-certified. Excellent 
opportunity to join a busy ophthalmologic practice 
consisting of one main office and several satellite 
offices. Area served includes approximately 150,000 
people. Located in southeastern Pennsylvania 
approximately 1% hours from Philadelphia, and is 
mostly semi-rural. This opportunity offers excellent 
salary and benefits with the potential of partnership. 
Send curriculum vita to: Fred L. Dankmyer, MD, Box 
220, Orwigsburg, PA 17961. 


BC/BE GENERAL OPHTHALMOLOGIST to join 
busy solo practitioner in mid-Hudson Valley. Large 
modern office and latest surgical equipment avail- 
able. Must be PHACO trained and comfortable with 
extensive ER coverage. Box #644, c/o AOP. 


Professional Opportunities 


MAINE — Exceptional opportunity for BC/BE oph- 


thalmologist to join established ophthalmology 
practice in beautiful northern New England. Referral 
base 400,000 with 120,000 in immediate area. Wide 
ranging cultural, academic and recreational oppor- 
tunities. Modern, well equipped office adjoining 
growing medical center with extensive diagnostic 
and laboratory services. Association with opportunity 
for partnership. Send CV to: Jean H. Tibbetts, MD, 
Suite 230, 417 State Street, Bangor, ME 04401. 


Moses OPHTHALMOLOGIST 
Lake WASHINGTON 
Clinic The Moses Lake Clinic, a divi- 


sion of Wenatchee Valley Clinic, 
is seeking a general ophthalmologist to join a busy estab- 
lished practice. Excellent surgical volume. Guaranteed 


salary and partnership track available. Excellent benefit 
package. Family oriented community with a large rural 
service area. Abundant four-season recreational oppor- 


tunities. Contact: : 
R. Bennion, MD 


Moses LAKE CLINIC 
840 Hill Avenue, Moses Lake, WA 98837 





HUTCHINSON CLINIC, 2101 North Waldron, 
Hutchinson, KS 67502. (316) 669-2526. A forty-two 
physician multi-specialty group practice serving 
central and western Kansas is seeking a board- 
eligible or -certified ophthalmologist as the second 
member in a growing, busy practice. Existing serv- 
ices include glaucoma testing, visual fields, fluor- 
oscein angiograms, cryopexy, and contact lens 
dispensing. Specialties provided by the group to 
support a busy eye practice include family practice, 
internal medicine, neurology and pediatrics. Ancillary 
services include diagnostic x-ray, CT, MR and a 
comprehensive medical laboratory which is state 
licensed and Medicare certified. An excellent 
opportunity in a dynamic practice 45 miles from 
Wichita. Hutchinson Clinic is located across the 
street from a modern, well equipped and staffed 
230-bed hospital. Please send your CV to: 
Administrator, Hutchinson Clinic. Position open 
immediately. 


BUSY OPHTHALMOLOGISTS (with cornea 
subspecialty) looking for associate. Beautiful town 
of Lancaster, Pennsylvania, with latest diagnostic 
and OR equipment, | 1/2 hours from Philadelphia 


and Baltimore. Fully automated office. Unusual 
opportunity for exciting practice and ideal family 
life-style. For further information, send CV and 
salary expectations to: Barton L. Halpern, MD, 
1532 Lititz Pike, Lancaster, PA 17601. 





RETINA — Excellent opportunity for subspecialist to 
join dynamic high-volume medical/surgical practice 
in Pittsburgh, Pennsylvania. Several offices with 
extensive in-house equipment, including lasers. 
Outstanding referral base. Attractive salary. 
Partnership potential. Fellowship training in retina 
desirable. Contact: Kelly McMahon, Daniel Stern 
and Associates, Suite 240, 211 North Whitfield 
Street, Pittsburgh, PA 15206. (800) 438-2476 or 
(412) 363-9700. 


AUSTIN, MINNESOTA has an immediate need for 
an ophthalmologist to join a busy general practice. 
Associate with an established clinic in an attractive, 
mid-sized community of 23,000. First year guarantee 
plus generous incentives. Contact: Jerry Hess or Bill 
Tendle, LifeSpan, 800 East 28th Street, Minneapolis, 
MN 55407. (800) 248-4921. 


PLEASE NOTE - Address replies to box number 


ads as follows: Box number , C/o AOP, 


P.O. Box 1510, Clearwater, FL 34617. 





Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, C/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 


Professional Opportunities 


VITREO-RETINAL SPECIALIST. Ophthalmology 
group practice in Wilmington, Delaware, thirty 
minutes from Philadelphia, seeks fellowship-trained 
vitreo-retinal specialist. Existing staff includes 
specialists in retina, oculoplastics and neuro- 
ophthalmology. Good referral base. Modern, well 
equipped office with friendly cohesive staff. Family 
oriented community. Excellent salary leading to 
partnership. Call Mary Ann O'Flynn at (302) 652- 
3353. Or send curriculum vitae to: Eye Physicians 
and Surgeons, P.A. at 1207 North Scott Street, 
Wilmington, DE 19806. 


VITREO-RETINAL SURGEON. Full-time BC/BE 
retina specialist (medical/surgical) needed for 
expanding ophthalmology department with fully- 
accredited ophthalmology residency program in 
Baltimore, Maryland. The position includes resident 
teaching as well as patient care and research at the 
newly opened Krieger Eye Institute, part of Sinai 
Hospital of Baltimore. Competitive salary and 
benefits along with opportunity to practice in brand 
new, state-of-the-art facility. Please send CV to: 
Harold R. Katz, MD, Chairman, Search Committee, 
The Krieger Eye Institute, Sinai Hospital of Balt- 
imore, Belvedere at Greenspring, Baltimore, MD 
21215-5271. 


RETINAL SPECIALIST 


Board-eligible/-certified retinal ophthalmologist to join our 
six-physician ophthalmic group practice. Our group 
practice is located 1'/ hours northwest of Philadelphia, 
Pennsylvania. Excellent medical community and family 
environment. Modern, well-equipped office with certified 


ancillary staff. The position offers excellent salary and 

fringe benefits with opportunity for partnership. Interested 

individuals should send curriculum vitae to: Mr. David L. 

O'Donnell, West Reading Ophthalmic Associates, 206 

South Sixth Avenue, West Reading, PA 19611. 
Telephone: (215) 378-1348. 





OPHTHALMOLOGIST: GENERAL- Preferred vitreo- 
retinal. Leading New York City eye center, busy 
surgical practice, excellent salary and future. Fully 
equipped facility. P.O. Box 20M, 220 East 65th 
Street, New York City, NY 10001. 


SOLO PRACTICE — General ophthalmology. Profit- 
able high per capita income, west Texas. Modern 
office equipment, minor operating suite, microscope, 
ultra sound, micro surgical instruments. Two hospi- 
tals, good schools, college and university. High 
practice expansion potential in pediatrics and 
surgery. Box #635, c/o AOP. 


RETINAL SPECIALIST: Marshfield Clinic wishes to 
recruit a BC/BE retina specialist with a primary 
interest in medical retina. The prospective physician 
would be joining a medical and a surgical retina 
specialist plus cornea, glaucoma, pediatric, and 
neuro-ophthalmology specialists and three general 
ophthalmologists. The Marshfield Clinic is a 350+ 
physician multi-specialty group practice serving 
central and northern Wisconsin as well as the Upper 
Peninsula of Michigan. Complete practice setup, 
support staff, and a full compliment of business office 
services are offered along with a competitive salary 
and excellent fringe benefits. This opportunity affords 
easy access to a wide variety of outdoor recreational 
activities, as well as safety and security for family 
living. For more information, send your CV, or 
contact: Gary Pesicka, MD, 1000 North Oak Avenue, 
Marshfield, WI 54449. Or call: (715) 387-5236. 


VITREO RETINAL SURGEON to join two others in 
busy retina-only practice. Progressive community 
located 1% hours from New York City and Phila- 
delphia. Please respond to: Box #642, c/o AOP. 
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Professional Opportunities 


| MEDICAL/GENERAL OPHTHALMOLOGIST or opto- 


metrist — Growing practice in Syracuse, New York 
area seeking associate with excellent personal and 
professional skills. Send CV and letter to: Box #645, 
c/o AOP. 


Positions Available 


MIDWEST RETINA PRACTICE in major metro- 
politan area seeks another associate. Excellent 
facilities with academic affiliation. Send resume in 
confidence to: Box #637, c/o AOP. 


Practices Available 


PRACTICE FOR SALE - Established general oph- 
thalmology practice available in southern California, 
San Fernando Valley. Call: (818) 783-6536. 


FLORIDA GENERAL OPHTHALMOLOGY practice. 
Turn key operation. Seller wishes to retire after 
twenty years eye surgery/medicine in northeast 
Florida oceanside community. Box #641, c/o AOP. 


Fellowships 


CORNEA FELLOWSHIP: A ONE-YEAR fellowship 
in cornea and external disease is offered which will 
provide significant medical and surgical training. 
Surgical experience will include corneal transplan- 
tation, intraocular lens exchange, keratomileusis, 
lamellar keratoplasty procedures, hydrogel inlays, 
and keratoprosthesis. Involvement in current and 
new research activities is encouraged. Interested 
applicants contact: Francis W. Price, Jr., MD, or 
William E. Whitson, MD, Corneal Consultants of 
Indiana, 9002 North Meridian Street, Suite 100, 
Indianapolis, IN 46260. 


PLEASE NOTE - Address replies to box number 
ads as follows: Box number , c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 


Academic Opthalmologist: 
GLAUCOMA 


Southern Illinois University School of Medicine in 
Springfield, Illinois, has an academic ophthalmology 
position open for an individual specializing in 
glaucoma. Requirements for the position include 
competency in teaching, an interest in basic science 
or clinical research, completion of a one-year 
fellowship in glaucoma and board-certification or 
board-eligibility in ophthalmology. Individuals hired 
to alternate rank positions may subsequently be 
considered for transfer to a tenure-eligible faculty 
rank under appropriate circumstances, as set forth 
in the School of Medicine guidelines. Curriculum 
vitae and letter of inquiry should be sent to: 


Lance P. Steahly, MD 
Professor and Chairman 


Southern Illinois University 
School of Medicine 
Division of Ophthalmology 
Department of Surgery 


Post Office Box 19230 
Springfield, IL 62794-9230 


Southern Illinois University School of Medicine is an 
equal opportunity/affirmative action employer. 





Postdoctoral 
Fellowship 


Francis I. Proctor Foundation 
University of California, 
San Francisco 


The Francis I. Proctor Foundation for Research 
in Ophthalmology conducts a one- to two-year 
training program offering advanced medical, 
surgical and research training in infectious and 
inflammatory diseases of the eye. Laboratory 
and clinical research is an integral part of the 
training program and includes studies on 
chlamydiae, herpes viruses, toxoplamosis, and 
diagnostic microbiology. 

















Ongoing programs of the Foundation include 
clinical trials and research projects focused 
on ocular inflammatory diseases. Research 
support is available through individual appli- 
cations to the NIH and other agencies. U.S. 
candidates should be board-qualified 
ophthalmologists or postdoctoral scientists. 
However, applicants from outside the U.S. are 
also encouraged to apply. 











Applications for July 1992 fellowships will be 
accepted until September 1, 1991. For further 
information and application forms, please 
write to: 













Chandler Dawson, MD, Director 
F.I. PROCTOR FOUNDATION 
University of California 

San Francisco, CA 94143-0412 
Telephone: (415) 476-1441 

















Fellowships 


NEURO-OPHTHALMOLOGY FELLOWSHIP avail- 


able for 1991-92, beginning July 1, 1991. Salary and 
benefits paid. Qualified candidates should respond 
with current CV to: B.K. Farris, MD, Dean A. McGee 
Eye Institute, University of Oklahoma HSC, Depart- 
ment of Ophthalmology, P.O. Box 26901, Oklahoma 
City, OK 73190-2008. 


Faculty Positions 


GLAUCOMA: The Department of Ophthalmology, 


University of California, San Francisco is searching 
for a board-certified ophthalmologist as a member of 
the Glaucoma Service and Glaucoma Research 
Program at UCSF. We are seeking a senior scientist/ 
clinician who is recognized as an authority with 
special expertise in glaucoma and related cell 
biology. Must have proven capability to obtain 
independent research grants and national recognition 
as a consultant/authority in glaucoma. Will also be 
responsible for teaching of residents and fellows. 
Send CV, summary of research accomplishments/ 
plans, and names of three references by July 30, 
1991 to: Thelma de Souza, Ophthalmology, Univer- 
sity of California, San Francisco, 94143-0730. 
Women and minorities are encouraged to apply. 
EOE/AA. 


FACULTY POSITION AVAILABLE - Ophthal- 
mologist with subspecialty training in pediatrics is 
sought for full-time position available immediately in 
the Department of Ophthalmology, Loma Linda 
University, Loma Linda, California. Applicant qual- 
ifications include: Completion of approved residency 
in ophthalmology, completion of appropriate fellow- 
ship, ophthalmology board-certification, and be able 
to qualify for medical licensure in the state of 
California. Duties will include patient care, teaching 
residents, and research. Academic rank and salary 
will be commensurate with experience. We are an 
equal opportunity employer. Please forward CV to: 
David L. Wilkins, MD, Chairman, Department of 
Ophthalmology, Loma Linda University, 11370 
Anderson Street, Suite 1800, Loma Linda, CA 92354. 


Academic 
Ophthalmologist 


Southern Illinois University School of Medicine in 
Springfield, Illinois, has an academic ophthalmology 
position open for an individual specializing in 
oculoplastics. Requirements for the position include 
competency in teaching, an interest in basic science or 
clinical research, completion of a six-month or one- 
year fellowship in oculoplastics and board- 
certification or board-eligibility in ophthalmology. 
Individuals hired to alternate rank positions may 
subsequently be considered for transfer to a tenure- 


eligible faculty rank under appropriate circumstances, 
as set forth in the School of Medicine guidelines. 
Curriculum vitae and letter of inquiry should be 

sent to: 


Lance P. Steahly, MD 

Professor and Chairman 

Southern Illinois University 
School of Medicine 

Division of Ophthalmology 

Department of Surgery 

Post Office Box 19230 

Springfield, IL 62794-9230 


Southern Illinois University School of Medicine is an equal 
opportunity/affirmative action employer. 
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FACULTY POSITIONS AVAILABLE 
DEPARTMENT OF OPHTHALMOLOGY 
SCHEIE EYE INSTITUTE 


The University of Pennsylvania School of Medicine, Department 
of Ophthalmology, invites applications for full-time faculty 
positions at the rank of Assistant or Associate Professor, starting 
July 1991 or thereafter. 


PEJ 44 


UNIVERSITY of PENNSYLVANIA 












We seek a board certified or board eligible ophthalmologist in 
each of the following areas: 





Glaucoma 
Cornea and External Diseases, including Refractive Surgery 
General/Comprehensive Opthalmology 
Chief of Section, Veterans Administration Hospital 
Medical and Surgical Diseases of the Retina 







The University of Pennsylvania is an equal opportunity 
employer. For each academic position, salary is commensurate 
with experience and qualifications. Please submit applications 
together with curriculum vitae and bibliography to: 


Stuart L. Fine, M.D. 
Professor and Chairman 
Department of Ophthalmology 
Scheie Eye Institute 
51 N. 39th Street 
Philadephia, PA 19104 













The Mount Sinai Medical Center of New York 


RETINAL 
VITREOUS SURGEON 


An attractive full time faculty position is available at the Mount 
Sinai School of Medicine and affiliated Elmhurst Hospital. 


Candidates must have completed appropriate fellowship and 
be board eligible/certified. Applicants should have strong 
teaching and research interests in addition to clinical skills in 
vitreo-retinal surgery. 


Please send c.v. and bibliography to Dr. Steven M. Podos, The 
Mount Sinai Medical Center, One Gustave L. Levy Place, New 
York, NY 10029-6574. An Equal Opportunity Employer. 


iz ~ MOUNT SINAI. 


cs - TAKE GOOD CARE OF YOUR CAREER. 











Faculty Positions 


ACADEMIC FACULTY POSITIONS at the Assistant/ 
Associate Professor level for following: Glaucoma 
Specialist; Resident Director. Both require BE/BC 
and New York license; glaucoma requires fellowship 
training. Teaching, research, patient care. The State 
University of New York at Buffalo is an AA/EEO 
employer. Send CV to: Ophthalmology Department, 
ECMC, 462 Grider Street, Buffalo, NY 14221. 


THE 
UIC EYE CENTER 


is seeking candidates for the position 
of Assistant Professor of Clinical 
Ophthalmology. 


Duties and responsibilities include 
patient care; residency education, 
supervision and evaluation; research; 
and academic assignments. 


Successful candidates must have 
a medical degree and be board- 
certified or -eligible, American Aca- 
demy of Ophthalmology. 


Beginning date: September 1, 1991. 
To receive fullest consideration 
| applications should be received by 
į July 1, 1991. Salary commensurate 
with training and experience. Please 
send applications to: 
John W. Chandler, MD 
Professor and Head 
Department of Ophthalmology 
and Visual Sciences 
1855 West Taylor (M/C 648) 
Chicago, IL 60612 
The UIC is an AA/EOE. 





Positions Wanted 


MEDICAL OPHTHALMOLOGY. Board-certified for 


Florida or California. Part-time or full-time. Twenty 
years experience in ophthalmology. (813) 381- 
3015. Box 3630, Seminole, FL 34642. 


Medical Equipment/Supplies 


SPECIAL: AO GIANTSCOPE corded with trans- 
former: $595. Topcon LMP.5: $795. HO 12603 
Lensometer: $995. M603B Lensometer: $695. 
Model 70-B & L Vertometer: $1,450. All above 
reconditioned and warrantied. Belrose Refracting 
Equipment Company, 3734 Oakton Street, Skokie, 
IL 60076. (708) 675-2300. 


NEW DIODE LASER POINTER - Ultra small; 6 x5 / 
8x3/4;3 0z.; 2-AAA batteries last five hours; soft 
case with pocket clip: $199. LaserMed, 810 Office 
Park Circle, #102, Lewisville, TX 75057. (214) 420- 
8611. 


MEDICAL EQUIPMENT/Supplies — Belrose Haag- 
Streit Type Slit Lamps: $2,995. Belrose Applanation 
Tonometers: $995. Belrose Keratometers: $1,250. 
Belrose Projectors: $520. Belrose Poc Wall 
Brackets: $98. Demo Topcon SPP-1000 com- 
puterized perimeter/power table: $8,500. Recondi- 
tioned Haag-Streit Perimeter: $3,950. Recon- 
ditioned Mentor Perimeter: $3,450. Belrose 
Refracting Equipment Company, 3734 West Oakton 
Street, Skokie, IL 60076. (800) 875-5235. 
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BUT RETIREMENT 
ULTIMATELY REACHES 
OUT TO ALL OF US 


When should | retire, how do | retire, 
where should | retire, what does it 
“cost,” have | saved enough, what 
will inflation do to me, what can | do 
in my spare time, what do others do 
in retirement, can my spouse 
"stand" me in retirement, can my 
spouse “retire” also? 


DON’T TURN YOUR 
BACK ON THESE 
QUESTIONS... 


someday they will have to be 
answered. 


THE AMERICAN 
ASSOCIATION 
OF SENIOR 
PHYSICIANS 


can help you get more out of your 
later years— medical retirement is 
our specialty, our ONLY specialty. 


Get practical, authoritative, 
knowledgeable information to assist 
you in YOUR retirement. 


* Bimonthly Newsletter 
e Retirement Planning Seminars 
* Literature Resource Center 
* Part-time work or volunteer 
ideas 
* Interesting travel opportunities 
* Health Insurance 
* Various medical magazines, 
auto rental & hotel discounts 
* Guidelines for disposing of a 
practice 
For a membership application and 
more details, write or call: 
American Association 
N of Senior Physicians 
S 515 N State 


Chicago, IL 60611 
e 312-464-2460 


FML Forte? 


(fluorometholone) 0.25% 
Liquifilm® sterile ophthalmic suspension 


INDICATIONS AND USAGE: FML Forte is indicated for the 
treatment of corticosteroid-responsive inflammation of the pal- 
pebral and bulbar conjunctiva, cornea and anterior segment of 
the globe. 

CONTRAINDICATIONS: 

* Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, 
varicella, and other viral diseases of the cornea and conjunctiva. 
* Tuberculosis of the eye. 

* Fungal diseases of the ocular structures. 

* Hypersensitivity to any component of the medication. 
WARNINGS: Corticosteroid medication in the treatment of 
patients with a history of herpes simplex keratitis (involving the 
stroma) requires great caution; frequent slit lamp microscopy is 
mandatory. Prolonged use may result in glaucoma, with damage 
to the optic nerve, defects in visual acuity and fields of vision, 
and/or in posterior subcapsular cataract formation. It may also 
aid in the establishment of secondary ocular infections from 
fungi or viruses liberated from ocular tissues. In diseases 
causing thinning of the cornea or sclera, perforations have been 
known to occur with the use of topical corticosteroids. Acute 
purulent untreated infection of the eye may be masked or 
activity enhanced by the presence of corticosteroid medication. 
PRECAUTIONS: General: As fungal infections of the cornea are 
particularly prone to develop coincidentally with long-term local 
corticosteroid applications, fungal invasion must be suspected 
in any persistent corneal ulceration where a corticosteroid has 
been used or is in use. As with other corticosteroids, frequent 
intraocular pressure checks are warranted since a significant 
increase in IOP may occur in a small percentage of patients 
treated with FML Forte. Carcinogenesis, mutagenesis, 
impairment of fertility: No studies have been conducted in 
animals or in humans to evaluate the possibility of these effects 
with fluorometholone. Pregnancy Category C: Fluorometholone 
has been shown to be teratogenic and embryocidal in rabbits 
when given in doses approximating the human dose and above. 
There are no adequate and well-controlled studies in pregnant 
women. Fluorometholone should be used during pregnancy only 
if the potential benefit outweighs the potential risk to the fetus. 
Fluorometholone was ocularly applied to both eyes of pregnant 
rabbits at various dosage levels on days 6 to 18 of gestation. A 
significant dose-related increase in fetal abnormalities and in 
fetal loss was observed. Nursing Mothers: It is not known 
whether topical ophthalmic administration of corticosteroids 
could result in sufficient systemic absorption to produce 
detectable quantities in breast milk, nevertheless, the physician 
should consider having the patient discontinue nursing while the 
drug is being administered. Pediatric Use: Safety and 
effectiveness in children have not been established. ADVERSE 
REACTIONS: Adverse reactions include, in decreasing order of 
frequency, elevation of intraocular pressure (IOP) with possible 
development of glaucoma and infrequent optic nerve damage; 
loss of visual acuity or defects in fields of vision; posterior 
subcapsular cataract formation; delayed wound healing; and 
conjunctival erythema. The following have also been reported 
after the use of topical corticosteroids: Secondary ocular 
infection from pathogens liberated from ocular tissues and, 
rarely, perforation of the globe when used in conditions where 
there is thinning of the cornea or sclera. 


= ALLERGAN PHARMACEUTICALS 


Allergan Pharmaceuticals, A Division of Allergan, Inc. 
Irvine, CA 92713 ©1991 Allergan, Inc. 
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THERE ARE OVER 
2,000,000 
REASONS 
TO PRESCRIBE 
FML FORTE 


RIGA H7 . There are an estimated 2,000,000 undiagnosed glaucoma cases in the 
ges € population at large which, when treated with a steroid for ocular 
dE inflammation, may be at risk of IOP increase. 
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40 E Because of the potential of steroids to raise intraocular pressure rapidly, 


2 " choose the steroid that takes a significantly longer average time to produce 
.. arise in IOP than dexamethasone 0.1%. 
Fluorometholone 0.25% has been proven just as effective as prednisolone acetate 1.0% 


in controlling mild to moderate inflammation.’ H M | z ort e 


So for effective ocular inflammation therapy, 


prescribe FML Forte Suspension. (f uorometholon e) 0.25% 


Fortore that just a few good reasons. Liquifilm® sterile ophthalmic suspension 


. Corticosteroids are capable of producing a rise in IOP. In clinical studies of documented steroid responders, fluorometholone demonstrated a ny 
longer averdge time to produce a rise in IOP than dexamethasone phosphate; however, in a small percentage of individuals, a significant rise in IOP 
occurred within one week. The ultimate magnitude of the rise was equivalent for both drugs. Please see adjacent page for brief prescribing information. 


1. Data on file, Allergan, Inc. 


© ALLERGAN PHARMACEUTICALS Allergan Pharmaceuticals, A Division of Allergan, Inc., Irvine, CA 92713 
©1991 Allergan, Inc. 
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Ophthalmology 


Silicone Intraocular Lens Implant Discoloration in Humans 
A. T. Milauskas, R. M. Kershner, S. L. Ziemba 





Screening Corneal Donors for Transmissible Disease: 


Saftey, Resources, and Reason 
S. Feigenbaum, J. S. Pepose 





Aminoglycoside Toxicity—A Survey of Retinal Specialists: 


Implications for Ocular Use 
P. A. Campochiaro, B. P. Conway 





Perforating (Through-and-Through) Injuries of the Globe: 


Surgical Results With Vitrectomy 
D. F. Martin, T. A. Meredith, T. M. Topping, P. Sternberg, Jr, H. J. Kaplan 





Prevalence of Lens Opacities in Surgical and General Populations 
I. Adamsons, B. Muñoz, C. Enger, H. R. Taylor 





The Osseointegration Technique for the Rehabilitation of the 


Exenterated Orbit 
J. A. Nerad, K. D. Carter, W. E. LaVelle, A. Fyler, P.- 1. Bránemark 





Volume 109, Number 7 


American Medical Association 
Physicians dedicated to the health of Anierica 
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Betoptic S 


(betaxolol HCI) 


be POAG and is hypertensive 


Sterile Ophthalmic 
Suspension, 0.25% 


patients where treatment is indicated 


The S is for Strength 


Strength of drug 
. delivery 


e Patented technology slows release and 
increases retention of drug in the eye 


e The amount of betaxolol delivered to 
the aqueous humor by the 0.2596 sus- 
pension is equal to that delivered by the 
0.596 solution 


e Efficacy equivalent to 0.596 solution has 
been demonstrated in clinical trials 
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Artist's interpretation of 
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Betaxolol ions 
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San displace b axolol molecules 
om the delivery matrix, slowly 

be to be absorbed 


; bi a and ‘0 5% solution. 


*Beta-1 selectivity is not absolute. 


BETOPTIC® S Sterile Ophthalmic Suspension has produced minimal 
effects in patients with reactive airway disease; exercise caution in 
treating patients with excessive restriction of pulmonary function. 
Asthmatic attacks and pulmonary distress have been reported during 
betaxolol treatment. Although rechallenges of some such patients 
with ophthalmic betaxolol have not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in 
patients sensitive to beta-blockers cannot be ruled out. 


PLEASE SEE BRIEF SUMMARY OF PRESCRIBING INFORMATION ON THE NEXT PAGE. 


©1991 Alcon Laboratories, Inc. 





Strength of improved 
comfort 


e Active drug is released more slowly to 
the cornea, resulting in improved 
patient comfort 


Strength of beta- 1* 
safety 


e Offers the safety advantages of a selec- 
tive ocular beta-blocker 


e Does not significantly compromise heart 
rate or pulmonary function 


e CNS side effects are rarely reported 
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Contraindicated in patients with sinus bradycardia, greater sd 2», EN He 4 ' Fa 
first degree atrioventricular block, cardiogenic shock, overt cardiac “Oy yy, A o S J 
failure, or hypersensitivity to any component of this product. Use = ^ a 
caution in treating patients with a history of cardiac failure, heart Bis aber 
block, and patients receiving adrenergic psychotropic drugs or e z 
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BETOPTIC® S (betaxolol HCl) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 
caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 
patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
Impairment of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HC! demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 
mammalian cell assays, betaxolol HCI was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolol HC! was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 

ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolo! include allergic reactions, decreased corneal sensitivity, edema 
and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic 
Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
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1. Chen HS et al. The Effect of Chronic Miotic Therapy on the Results of Posterior Chamber Intraocular Lens Implantation and Trabeculectom 
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For years, pilocarpine was a unanimous favorite in the 


fight against glaucoma. But even the greatest of champions 


fade with time. 


PRE- AND POST-OP COMPLICATIONS 





—— 


ASSOCIATED WITH PILOCARPINE 
Recent studies show that "...long-term use of pilocarpine 
is associated with a poorer postoperative result in patients 
having combined cataract and glaucoma surgery 
than occurs in similar patients who have not received 


pilocarpine preoperatively."' 
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PATIENT'S YEARS ON PILOCARPINE 


FOR EFFECTIVE CONCOMITANT THERAPY 
Propine Solution twice daily is comparable in efficacy to 
2476 pilocarpine 4 times daily. Propine Solution will not 
cause the limiting effects of miosis or iris rigidity and 
avoids accommodative spasm. And, Propine Solution's 
twice-daily dosing is easier to follow than pilocarpine's 
typical four-times-a-day regimen. 

Make Propine Solution your first choice in concomitant 
glaucoma therapy. 
Propine should not be used in patients with narrow angles since any dilation of the 


pupil may predispose the patient to an attack of angle-closure glaucoma. This product 
is contraindicated in patients who are hypersensitive to any of its components. 


Please see next page for brief prescribing information. 
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Pr opine’ (dipivefrin hydrochloride) 
ophthalmic solution, USP, 0.1% sterile 


INDICATIONS: Propine (dipivefrin HCl) is indicated as 
initial therapy for the control of intraocular pressure in 
chronic open-angle glaucoma. Patients responding inade- 
quately to other antiglaucoma therapy may respond to ad- 
dition of Propine. In controlled and open-label studies of 
glaucoma, Propine demonstrated a statistically significant 
intraocular pressure-lowering effect. Patients using 
Propine twice daily in studies with mean durations of 76-146 
days experienced mean pressure reductions ranging from 
20-24%. Therapeutic response to Propine twice daily is 
somewhat less than 2% epinephrine twice daily. Controlled 
studies showed statistically significant differences in lower- 
ing of intraocular pressure between Propine and 296 
epinephrine. In controlled studies in patients with a history 
of epinephrine intolerance, only 3% of patients treated with 
Propine exhibited intolerance, while 55% of those treated 
with epinephrine again developed intolerance. Therapeutic 
response to Propine twice daily therapy is comparable to 
2% pilocarpine 4 times daily. In controlled clinical studies 
comparing Propine and 2% pilocarpine, there were no 
statistically significant differences in the maintenance of 
IOP levels for the two medications. Propine does not 
produce miosis or accommodative spasm which cholinergic 
agents are known to produce. The blurred vision and night 
blindness often associated with miotic agents are not 
present with Propine therapy. Patients with cataracts avoid 
the inability to see around lenticular opacities caused by 
constricted pupil. CONTRAINDICATIONS: Propine 
should not be used in patients with narrow angles since 
any dilation of the pupil may predispose the patient to an 
attack of angle-closure glaucoma. This product is contrain- 
dicated in patients who are hypersensitive to any of its com- 
ponents. PRECAUTIONS: Aphakic Patients. Macular 
edema has been shown to occur in up to 3096 of aphakic 
patients treated with epinephrine. Discontinuation of 
epinephrine generally results in reversal of the maculo- 
pathy. Pregnancy: Pregnancy Category B. Reproduction 
studies have been performed in rats and rabbits at daily 
oral doses up to 10 mg/kg body weight (5 mg/kg in ter- 
atogenicity studies), and have revealed no evidence of 
impaired fertility or harm to the fetus due to dipivefrin HCI. 
There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproduction 
studies are not always predictive of human response, this 
drug should be used during pregnancy only if clearly 
needed. Nursing Mothers. It is not known whether this 
drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when 
Propine is administered to a nursing woman. Usage in 
Children. Clinical studies for safety and efficacy in children 
have not been done. Animal Studies. Rabbit studies indi- 
cated a dose-related incidence of meibomian gland reten- 
tion cysts following topical administration of both dipivefrin 
hydrochloride and epinephrine. ADVERSE REAC- 
TIONS: Cardiovascular Effects. Tachycardia, arrhythmias 
and hypertension have been reported with ocular adminis- 
tration of epinephrine. Local Effects. The most frequent 
side effects reported with Propine alone were injection in 
6.5% of patients and burning and stinging in 6%. Follicular 
conjunctivitis, mydriasis and allergic reactions to Propine 
have been reported infrequently. Epinephrine therapy can 
lead to adrenochrome deposits in the conjunctiva and 
cornea. 
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oin The AMA. 


“The AMA is an organization that is 
interested in every single aspect of my 
life as a physician, from education to tort 
reform. And the AMA has played a lead- 
ing role in issues such as smoking and 
drug abuse. 

"[he organization has never lost sight of 
what I think its primary goal is: to improve 
the public health. And they do that in 
terms of providing information and repre- 
sentation not only to the profession, but to 
the public. 

“I think that doctors who dont belong 
don’t realize it, but they benefit every day 
from actions that the AMA is taking." 

Join Dr. Charles H. Epps, Jr., Dean of 
Howard University College of Medicine, in 
the AMA. Call this toll-free number now. 


H-900-AMA2711 


American Medical Association ry) 


Instructions for Authors 
(Revised July 1991) 


NOTE: Please read these instructions carefully —technical deficien- 
cies must be corrected before manuscripts can be reviewed. 


Send manuscripts to the Editor, Morton F. Goldberg, MD, The 

Wilmer Institute, The Johns Hopkins Hospital, 600 N Wolfe St, 
Baltimore, MD 21205; (301) 955-1358. Manuscripts are received with 
the understanding that they have not previously been published 
anywhere in any language and are not under simultaneous consider- 
ation by another publication. A complete manuscript submitted fol- 
lowing oral presentation that results in the publication of substantive 
information elsewhere, including magazines, or “tabloids,” may be 
deemed ineligible for publication in the ARCHIVES. The ARCHIVES is 
willing to receive and evaluate manuscripts submitted following pre- 
sentation or publication of preliminary finding (eg, in an abstract) at 
either the Annual Meeting of the American Academy of Ophthalmolo- 
gy or the Association for Research in Vision and Ophthalmology, but 
only if publication in other print media is not under consideration. 
Include copies of possibly duplicative material. Accepted manu- 
scripts become the permanent property of the ARCHIVES and may 
not be published elsewhere without permission from the publisher 
(AMA). After initial publication, certain articles will appear in trans- 
lation in the Chinese- or Spanish-language edition. 
NOTE: The ARCHIVES will return one copy of the manuscript and all 
copies of the figures to authors of papers not accepted or in need of 
revision. To ensure confidentiality, remaining manuscript copies will 
be destroyed. Special requirements will be considered at the authors’ 
request. 


Transmittal letters to the editor must contain the following lan- 
guage: 

“Tn consideration of the American Medical Association's taking 
action in reviewing and editing my submission, the author(s) 
undersigned hereby transfers, assigns, or otherwise conveys all 
copyright ownership to the AMA in the event that such work is 
published by the AMA." 


This statement must be signed by all authors listed before it can be 
sent out for review. Transmittal letters not containing the foregoing 
language and signed by all authors of the submission will necessitate 
delay in the review of the manuscript. 


In ease the work was done by a federal employee, each author must 
include a signed statement that the work reported was done while he 
or she was employed by the federal government. 


Author Responsibility. — All accepted manuscripts are subject to 
eopy editing. The corresponding author will receive an edited type- 
script and galley or page proofs for approval. Authors are responsible 
for all statements in their work, including changes made by the copy 
editor. Designate one author as correspondent and provide his/her 
address and telephone number. If the correspondent does not reside 
in North America, provide a fax number, if possible. A manuscript 
should not ordinarily list more than six authors. If more than six are 
listed, a detailed written description of each person's personal contri- 
butions should be submitted. Such contributions must be substantial. 
In order to qualify for authorship, the following must be true and the 
statement must be signed by all authors: 


*I certify that I have participated sufficiently in the conception 
and design of this work and the analysis ofthe data (when applica- 
ble and within my area of expertise), or the writing of the manu- 
script, to take public responsibility for it. I believe the manuscript 
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represents valid work. I have reviewed the final version of the 
manuscript and approve it for publication. Neither this manu- 
script nor one with substantially similar content under my au- 
thorship has been published or is being considered for publication 
elsewhere, except as described in an attachment. Furthermore, I 
attest that I shall produce data upon which the manuscript is 
based for examination by the editors or their assignees, if 
requested." 


Manuscript Preparation. — Submit an original typescript and two 
high-quality eopies. All copy (including references, legends, and 
tables) must be typed double-spaced on 21.6 x 27.9-em (81/2 x 11-in) 
paper. Margins of at least 2.5 em (1 in) must be provided. If a word 
processor is used, do not justify the right margin. The text should, in 
general, not exceed 14 double-spaced typewritten pages. 


Titles.— Titles should be short, specific, and clear and typed on a 
special page. They should not exceed 42 characters per line, including 
punctuation and spaces, and be limited to two lines, if possible. The 
title page should include the first name, middle initial, and last name 
of all authors with their highest academic degree and the professional 
affiliation of all authors with city location. It should also include the 
address to which requests for reprints should be sent. 


Informed Consent. — Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement to 
the effect that legal requirements governing consent were met. Refer 


PLEASE NOTE: COMMON ERRORS TO AVOID FOR 
BOTH ORIGINAL ARTICLES AND CORRESPONDENCE 


(1) Failure to send original typed manuscript plus two 
copies. 

(2) Failure to double-space entire manuscript (ab- 
stract, references, legends, and tables) with rag- 
ged right-hand margins. 

(3) References not in proper format, not in numerical 
order, or not cited in text. 

(4) Use of 1'/2-spacing rather than double-spacing. 

(5) Failure to send three sets of illustrations/photo- 
graphs or original color slides plus two sets of 
color prints. 

(6) Title too long. 

(7) Failure to label abstract or to provide abstract 
(not needed for letters to the editor, case reports, 
photo essays). Abstract too long. 

(8 Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

(9) Failure to include the authorship responsibility, 
financial disclosure, and copyright transmittal 
statements (needed for all manuscripts and 
Correspondence). Failure to include all authors’ 
personal signatures on statements. 

(10) Failure to designate the corresponding author and 
provide telephone or fax number and address. 

(11) Failure to indicate willingness to pay for author's 
share of color illustrations. 





Instructions for Authors 907 


to patients by number, eg, patient 1 (or, in anecdotal reports, by 
fictitious given names). 


Financial Disclosure.—If the article discusses in any way a de- 
vice, equipment, an instrument, or a drug, the author(s) must state in 
a footnote whether they do or do not have any commercial or propri- 
etary interest in the product or company. Likewise, they must reveal 
whether they have any financial interest or receive payment as a 
consultant, reviewer, or evaluator. In addition, authors must disclose 
any financial interest owned by a spouse, minor child, or relative 
living in the same household, or known to be held by the author's 
employer, partner, or business associate. In addition to footnoting 
proprietary interest, the following must be true and the statement 
must be signed by all authors: 


“All affiliations with or involvement in any organization or 
entity with a direct financial interest in the subject matter or 
materials discussed in the manuscript (eg, employment, consul- 
tancies, stock ownership, honoraria) have been disclosed in an 
attachment to the manuscript. I understand that such affili- 
ation(s) will not affect consideration of the manuscript but may be 
published as a footnote if the manuscript is accepted.” 

Note: Research or project support should be listed in an acknowl- 
edgment in the manuscript. 


Abstract. — Provide an abstract (135-word maximum) of the arti- 
cle, including statements of the problem, method of study, results, 
and conclusions. The abstract should be specific and sufficiently 
complete to allow the reader a quick evaluation of the paper. Do not 
include a “summary” section in the text. 


References. — List references in numerical order (not alphabetical- 
ly). Once a reference is cited, all subsequent citations should be to the 
original number. All references must be cited in the text or tables. 
Unpublished data and personal communications should not be listed 
as references but parenthetieally within the text. References to 
journal articles should include (1) author(s) (if more than six, 
write "et al" after the third name), (2) title, (3) journal name (as 
abbreviated in /ndex Medicus), (4) year, (b) volume number, and 
(6) inclusive page numbers, in that order. References to books should 
include (1) author(s), (2) chapter title (if any), (3) editors (if any), 
(4) title of book, (5) city of publication, (6) publisher, (7) year, and 
(8) page, if indicated. Authors are responsible for the accuracy of 
references. 


SI Units.— Use Systéme International (SI) measurements 
throughout the manuscript. (Exceptions are visual acuity measure- 
ments and intraocular pressure recordings.) 


Illustrations. — Use only those illustrations that clarify and aug- 
ment the text. More than 10 total illustrations per manuscript would 
have to be justified. Submit illustrations (5 x 7 in) in triplicate, 
unmounted and untrimmed, with each set separately packaged. Do 
not send original artwork. Send high-contrast glossy prints. Figure 
number, name of senior author, and arrow indicating “top” should be 
typed on a gummed label and affixed to the back of each illustration. 
Illustrations submitted for publication may be relettered to achieve 
uniformity of lettering style throughout the journal. Magnification 
and stain should be provided when pertinent. 


Illustrations in full color are accepted for publication if the editors 
believe that color will add significantly to the published manuscript. 
Please submit one set of positive transparencies (35- mm slides) and 
two sets of eolor prints. The ARCHIVES will pay part of the expense of 
reproduction and printing color illustrations, the remainder to be 
borne by the author. Submit a statement indicating the authors 
willingness to accept this cost. After deducting the ARCHIVES contri- 
bution, the author’s share is $400 for up to six square-finished illustra- 
tions that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at cost. 


Legends. — Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum of 40 
words and should allow the illustration to be fully understandable 
without recourse to the text. Use arrows, letters, ete, for enhanced 
understanding. 


Authorized Use of Photographs.— Recognizable photographs 
may be published only if specifically consented to by the patient. To 
facilitate proof, the consent should be in writing. Any restrictions or 
limitations on the consent must be strictly observed; eg, eyes are 


908 = Arch Ophthalmol— Vol 109, July 1991 


blocked cut only as a condition of consent. Consent forms must 
include a specific statement that photographs and information related 
to a case may be published either separately or in connection with 
each other, in professional journals or medical books, provided that it 
is specifically understood that the patient shall not be identified by 
name. Parental consent for the above must include signatures of both 
living parents. Consent releases for minors without living parents 
must be signed by the legally appointed guardian. Submit consent 
forms with the manuscript. See ‘Informed Consent’. 


Acknowledgments. — Illustrations from other publications are 
rarely published but if used must be acknowledged. Include the 
following when applicable: author(s), title of article, title of journal or 
book, volume number, page(s) month, and year. The publisher's 
permission to reprint must accompany the manuscript. 


Statistical Consultation. — We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author) should be included. 


Anima! Experimentation.—In the case of animal experimenta- 
tion, please indicate in the “Methods” section what animal-handling 
protocols were followed, eg, “Institutional guidelines regarding ani- 
mal experimentation were followed.” 


Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 x 27.9-em (8!/2 x 11-in) paper. 
Do not use larger paper. If a table must be continued, use a second 
sheet and repeat all heads and stubs. Each table must have a title. 


Photo Essay. — Manuscripts for this section should emphasize the 
visual aspects of the subject presented and should be sent directly to 
the Editor of the ARCHIVES. Picture(s) should be of high quality and 
self-explanatory. Photographs can be of clinical entities, laboratory 
studies and findings (eg, smears, histologic sections), diagnostic tech- 
niques (reentgenograms, CT scans, MRIs, ultrasound, etc), thera- 
peutic precedures, or a combination. The Photo Essay should not 
necessarily result in a brief clinicopathologic report. Rather, it should 
be a collection of photos that convey an important laboratory or 
clinical diagnosis and/or management story that becomes self-evident 
on inspection of the illustrations. A concise essay, limited to 250 
words, describing the clinical or laboratory information, photo- 
graph(s), and a brief list of references (five or fewer) should be 
submitted in triplicate. There is no limit on the number of photos, but 
articles will be limited to one or two printed pages, and all material 
must fit into this format. Refer to the general “Instructions for 
Authors” for other requirements (especially the illustrations). 


Questiens and Answers.—Questions for this section should be 
submitted to Stewart M. Wolff, Section Editor, Archives of Ophthal- 
mology, 11 E Chase St, Baltimore, MD 21202. Such questions are 
subject to editorial review and editing and will be published as space 
and editorial priorities permit. Questions should not exceed six dou- 
ble-spaced typed lines. A signed copyright transmittal letter must be 
included. 


Correspondence and Case Reports. — Contributions to these sec- 
tions may include comments on articles published in the 
ARCHIVES, informative case reports, or other matters of ophthalmic 
interest. Correspondence and Case Reports are subject to editorial 
review and will be published as space and editorial priorities permit. 
Published letters will be listed by author and title in the table of 
contents, and authors and subjects are indexed by the major indexing 
services. Correspondence and Case Reports ordinarily should not 
exceed 500 words in length and should have a maximum of three 
references. Two figures or one figure plus one table can be printed. 
Typescripts should be double-spaced with a ragged right-hand mar- 
gin and submitted in triplicate. A signed copyright transmittal letter 
must accompany all manuscripts. Refer to the general “Instructions 
for Authors" for additional requirements. 


Reprints. — Reprints can be ordered at the time the typescript is 
returned after editorial processing. 


AMA Manual of Style. — This 1989 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $26.95. A ship- 
ping charge is added on all orders not prepaid. If additional ordering 
information is needed, or to order by telephone, call 1-800-638-0672. 
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Authorship Responsibility, Financial Disclosure, and Copyright Transfer 


Manuscript No. and/or Title: 


Each author must read and sign (1) the statement on authorship responsibility; (2) the statement on financial disclosure; and 
(3) the statement on either (a) copyright transfer or (b) federal employment. If necessary, photocopy this document to distribute 
to coauthors for their signatures. Please return all copies to Archives of Ophthalmology, Maumenee 505, The Wilmer Institute, 
The Johns Hopkins Hospital, 600 N Wolfe St, Baltimore, MD 21205; Attn: Anne Meltzer. 


1. Authorship Responsibility: I certify that I have participated sufficiently in the conception and design of this work and the 
analysis of the data (where applicable and within my area of expertise), or the writing of the manuscript, to take publie 
responsibility for it. I believe the manuscript represents valid work. I have reviewed the final version of the manuscript and 
approve it for publieation. Neither this manuscript nor one with substantially similar content under my authorship has been 
published or is being considered for publication elsewhere, except as described in an attachment. Furthermore, I attest that I 
shall produce data on which the manuscript is based for examination by the editors or their assignees, if requested. 


Author Signatures Date Author Signatures Date 


2a. Financial Disclosure: All affiliations with or involvement in any organization or entity with a direct financial interest in the 
subject matter or materials discussed in the manuscript (eg, employment, consultancies, stock ownership, honoraria) have been 
disclosed below and in an attachment to the manuscript. Otherwise, my signature indicates that I have no such financial interest. 
All financial research or project support is identified in an acknowledgment in the manuscript. I understand that such 
affiliation(s) will not affect consideration of the manuscript but may be published as a footnote if the manuscript is accepted. 


Author Signatures Date Author Signatures Date 


2b. Statement of Financial Interest: (If more space is needed, submit a signed attachment.) 


3a. Copyright: In consideration of the American Medical Association's taking action in reviewing and editing my submission, 
the author(s) undersigned hereby transfer(s), assign(s), or otherwise convey(s) all copyright ownership to the AMA in the event 
that such work is published by the AMA. 


Author Signatures Date Author Signatures Date 


3b. US Federal Employees: I was an employee of the US federal government when this work was conducted and prepared for 
publieation. Therefore, it is not protected by the Copyright Act and there is no copyright; thus, ownership cannot be transferred. 


Author Signatures Date Author Signatures Date 
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Intraocular Gentamicin Toxicity 


To the Editor.—The catastrophic effects of inadvertent 
intraocular injection of gentamicin can be difficult to dis- 
tinguish from vascular occlusive disease, particularly 
ophthalmic artery obstruction. Diffuse vitreous haze and 
shallow retinal detachment were described by Brown et 
al' in a study of the short-term and long-term effects of a 10- 
mg dose of intravitreal gentamicin in adult macaque mon- 
keys. An earlier study by Peyman et al' demonstrated a vitreal 
reaction in rabbits with high doses of intravitreal gentamicin. 
Vitreal haze and shallow retinal detachment appear to be 
important findings that distinguish gentamicin toxicity from 
ophthalmic artery occlusion, but, to our knowledge, they 
have not been described in humans. ^^ 





See also pp 944 and 946. 





Report of a Case. — A 66-year-old black man underwent an appar- 
ently uneventful extracapsular cataract extraction with insertion of a 
posterior chamber intraocular lens into his right eye. Subconjunctival 
injections of 20 mg of gentamicin and 20 mg of methylprednisolone 
sodium succinate were placed in the superior conjunctiva, ballooning 
it over the wound. Approximately 12 hours after surgery, the patient 
complained of pain in the operated eye that persisted for several 
hours. The next morning the patient's visual acuity was reduced to 
light perception and the posterior retina was markedly white, swol- 
len, and without a cherry red spot. An immediate anterior chamber 
paracentesis was performed; retinal blood flow was later present. 
Thorough examination of the posterior segment revealed that the 
peripheral retina was thickened and opaque to within several millime- 


B-scan showing shallow retinal detachment that was not apparent 
clinically because the neurosensory retina was opaque. 
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ters ofthe ora serrata. No breaks in the peripheral retina or intraocu- 
lar blood were found. 

A progressive vitreal haze developed within a few days after 
surgery, precluding clear visualization of the retina for 3 weeks. 
Ultrasonography after 3 weeks showed a shallow retinal detachment 
(Figure) that had been clinically undetectable because of the poor 
view and because the retina was opaque. Electroretinography 
showed no signals from the right eye. Subretinal blood was visible for 
the first time in the nasal periphery beyond the opacified neurosenso- 
ry retina. The results of magnetic resonance imaging and computed 
tomography of the orbits, with special reference to the right optic 
nerve, were normal. There was no evidence at any time of anterior 
segment ischemia. Several months after surgery, intraocular pres- 
sure fell to 2 mm Hg. 


Comment.—We believed that the differential diagnosis of 
acute visual loss with a white, swollen retina and no foveal red 
spot was between occlusion of the ophthalmic artery and an 
inapparent intraocular injection of gentamicin, possibly into 
the suprachoroidal space. Key clinical findings supporting the 
diagnosis of gentamicin toxicity were the vitreal reaction, 
shallow retinal detachment, and subretinal hemorrhage. Al- 
though these changes are not associated with ophthalmic 
artery occlusion,’ it should be noted that none were present in 
our patient for several days after surgery. We suspect that 
small amounts of subretinal blood from an occult perforation 
may have been obscured initially by the opaque retina. 

KEvIN Warrz, MD 
Curtis E. Marco, MD 
Gainesville, Fla 


1. Brown GC, Eagle RC, Shakin EP, Gruber M, Arbizio VV. Retinal toxic- 
ity of intravitreal gentamicin. Arch Ophthalmol. 1990;108:1740-1744. 

2. Peyman GA, May DR, Ericson ES, Apple D. Intraocular injection of 
gentamicin. Arch Ophthalmol. 1974;92:42-27. 

3. McDonald HR, Schatz H, Allen AW, et al. Retinal toxicity secondary to 
intraocular gentamicin injection. Ophthalmology. 1986;93:871-876. 

4. Snider JD III, Cohen HB, Chenoweth RG. Acute ischemic retinopathy 
secondary to intraocular injection of gentamicin. In: Ryan SJ, Dawson AK, 
Little HL, eds. Retinal Diseases. New York, NY: Grune & Stratton; 1985:227- 
232. 

5. Brown GC, Magargal LE, Sergott RC. Acute obstruction of the retinal 
and choroidal circulations. Ophthalmology. 1986;93:1373-1382. 


Fever in the Night 


To the Editor.—The academic merger of ophthalmology and 
optometry (discussed in the February 1991’ issue of the AR- 
CHIVES) stimulated in me a strange fever. Awakened in the 
night and driven by this fever, I discovered an ancient crystal 
ball long hidden away. In its depths I read the following 
letters, emblazoned in fire: 


NOW THAT WE POSSESS YOUR KNOWLEDGE, 
WHO CAN DENY US YOUR JOB? 


Perhaps in a few years Professor Yanoff, the patriarch of 
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this new ophthalmology-optometry love feast, will explicate 
for us these disturbing phrases. 
JOHN GAMEL, MD 
Louisville, Ky 


1. Mullen CF, Yanoff M, Wilson LA. Affiliation between Hahnemann Uni- 
versity and Pennsylvania College of Optometry. Arch Ophthalmol. 
1991;109:234-237. 


Affiliation Between Hahnemann University and 
Pennsylvania College of Optometry 


To the Editor. —I read with interest the article by Mullen et 
al. Several points made by the authors and their implications 
concern me. There is a basic assumption that optometry and 
ophthalmology are complementary. It is this assumption that 
appears to provide the basis for the model of eye care pro- 
vided by the two institutions, Hahnemann University (HU) 
and the Pennsylvania College of Optometry (PCO). Unfortu- 
nately, this assumption is invalid. Optometry has demon- 
strated that its course is to become a profession that is parallel 
and not complementary to ophthalmology. It does not seek to 
provide services that may meld with ophthalmologie care, but 
to provide the exact same services that ophthalmologists 
provide. 

The term primary care as it relates to this educational 
venture is not clearly defined. This lack of definition is more 
important than semantics. The term primary care as ex- 
plained by most optometric publications is that which most 
ophthalmologists would consider “comprehensive ophthal- 
mology” without invasive surgery. This would include all 
refractive, optical, and medical modalities as well as such 
procedures as the removal of ocular foreign bodies and ag- 
gressive instrumentation evaluation of the nasolacrimal 
system. 

The authors indicate that such primary care is provided at 
PCO by the optometric staff and subspecialty medical care is 
then provided by HU. Does this mean that primary care 
includes nonspecialty medical eye care? The authors then 
state that “. . . optometrists provide primary eye care, while 
ophthalmologists provide medical and subspecialty care.” 
Does this mean that the definition of primary care does not 
include medical eye care? 


Mullen et al also state that *. . . optometry residents and a 
few students are afforded the opportunity to rotate through 
ophthalmology subspecialties . . . .” Are we to assume that 


there is no diminution in the training obtained by the resi- 
dents of HU when there is this inereased demand placed on 
the system by these extra trainees? What is the nature of the 
level of care given by the optometrists or are they merely 
observers? Are the optometrists (who at this time are stu- 
dents) distinguished from the ophthalmology residents (who 
at this time are licensed physicians)? 

During a time of debate whether to expand the ophthalmol- 
ogy residency program to 4 years from 3, it would seem 
inconsistent to dilute the training of the residents in any 
program. 

Does the model for integrated training that has been estab- 
lished here expect to demonstrate that optometrists trained 
in this setting are fully capable of treating medical eye dis- 
ease? If this program has that tenet as one of its purposes, it 
flies in the face of all previously accepted cornerstones of 
ophthalmologic education. Is a broad-based medical back- 
ground really required for eye medical care? I strongly be- 
lieve that this is a ngeessary foundation for competent practi- 
tioners. Unfort ately, future patients will pay the price for 
this experiment, 3*, TAg’ 

I expect that: U';and PCÓ il experience strain and 
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probable dissolution when HU realizes that primary and sec- 
ondary and even tertiary eye care is the publicly stated goal of 
the profession of optometry. (Note the bill introduced in 
Arizona in 1985 that would have authorized all eye care by 
optometrists except inpatient surgery.') The profession of 
optometry seeks not to be complementary to ophthalmology 
but to be a parallel profession. It disturbs me deeply when 
well-intentioned physicians such as those at HU are inadver- 
tently helping to create optometrists whose aspirations far 
exceed their training. 

DONALD N. ScHWARTZ, MD, OD 

Long Beach, Calif 


1. State of Arizona HB2367. House Bill introduced February 7, 1985. 


In Reply. —We read with interest and sympathy the letter 
from Dr Gamel. We do hope he recovers from his strange 
fever and will start to think logically again. 

In ancient Egypt the priests carefully guarded the secrets 
of their magic so that others could neither understand nor 
duplicate their sleight of hand. In the middle ages, the guilds 
of skilled craftsmen refused to divulge the nature of their 
Work so that there would be no competition. Before the Civil 
War, it was a criminal offense in some parts of the United 
States to teach a black man how to read and write. We would 
like to believe that we have progressed from those attitudes 
and can take a more enlightened approach to these issues. 

Certainly leaders ofthe American Academy of Ophthalmol- 
ogy are not suffering from strange fevers or hallucinating in 
the night. As H. Dunbar Hoskins, MD, recently said, ^Where 
there is close communication between ophthalmologists and 
optometrists I believe the patient gets better care. Where 
there is no barrier to the free exchange of a patient —such as 
an optometrist bringing a patient across the hall to let the 
ophthalmologist see the patient and establish a diagnosis or 
help with a difficult problem —it is less likely that things will 
get overlooked and that patients will be mismanaged.” That 
is what we are attempting to do, to build on a larger scale a 
cooperative, complementary relationship between ophthal- 
mologists and optometrists that already exists in private 
offices of ophthalmologists all over the United States. 

Dr Schwartz raises a number of interesting points that are 
of concern to all of us and many of which we are in agreement. 
We do disagree, however, with his first point, that it is invalid 
toassumethat optometry and ophthalmology are complemen- 
tary. Certainly, many ophthalmologists throughout this 
country work quite well with optometrists and have shown 
that ophthalmology and optometry can be complementary. 

We agree with Dr Schwartz’s definition of primary care as 
what most ophthalmologists would consider “comprehensive 
ophthalmelogy,” and this is what we practice at HU. Certain- 
ly, we are in no position to tell the optometric staff at PCO how 
they should practice optometry, nor can they tell us how to 
practice ophthalmology. It should be noted that all profes- 
sionals are constrained by relevant state and federal laws. 

As to his third point, the Department of Ophthalmology at 
HU currently offers an elective only to senior (fourth year) 
optometric students. A maximum of two students are ac- 
cepted for a 3-month rotation. Only senior optometric stu- 
dents rotate. Out of a class of approximately 170 optometric 
students, perhaps six to eight will rotate through our depart- 
ment. We are sensitive to the points that Dr Schwartz raises 
and have made sure that no diminution occurs in the training 
obtained by our ophthalmology residents. In fact, our resi- 
dent training program is significantly enhanced by the in- 
creased patient volume resulting from our affiliation. 

Regarding Dr Schwartz's final point, we do not expect to 
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demonstrate that optometrists are fully capable of treating 
medical eye disease. What we do mainly is act as consultants 
and treat surgical and medical problems, and the optome- 
trists act as consultants in treating contact lens and low vision 
problems. We actually come in contact with less than 1% of 
the total student body at PCO in any given year. 

We hope the above clarifies the points raised by Dr 
Schwartz and alleviates his concerns. 


Myron YANOFF, MD 
Philadelphia, Pa 
CHARLES F. MULLEN, OD 
Washington, DC 

LAURA A. WILSON, MS 
Buffalo, NY 


1. Optometry, practice trends and ophthalmology’s future. Argus. 
1991;14:9. 


Silicone Intraocular Lens Implant Discoloration in Humans 


To the Editor.—The implantation of silicone intraocular 
lenses (IOLs) began in the United States in 1984. To my 
knowledge, there have been no previously reported cases of 
silicone IOLs discoloring in the human eye. This letter docu- 
ments the first 15 cases of silicone IOLs that have recently 
been discovered to be discolored. The exact incidence is un- 
known. The discoloration varies in intensity from a 4+ 
brunnescence (brown) (Figure) to a light tan to a brown 
discoloration ofthe IOL surface. The only method to ascertain 
whether the discoloration has reached its maximum intensity 
is to examine patients eyes periodically. 

The IOLs involved are several models from two manufac- 
turers (IOLAB Corp [Claremont, Calif] and STAAR Surgical 
Co [Monrovia, Calif]. Patient data are summarized in the 
Table. 

Careful scrutiny of the medical histories of these patients 
was unrevealing. There appeared to be no common thread 
linking any of the patients. All surgery was performed by the 
same surgeon (A.T.M.) using phacoemulsification. The visual 
acuities have remained stable. With the density of discolor- 
ation in some cases, contrast sensitivity may have been 
reduced. 

The long-term stability of the silicone IOLs in human eyes 
is now questionable. The data indicate that the discoloration 
process is long term in some patients (5 years), while in others 


Silicone intraocular lens (model LI-30U, IOLAB Corp, 
Claremont, Calif) implanted in patient 9 in December 
1989 shows a dense brunnescent appearance. 
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Summary of Data Regarding Discolored Silicone IOLs* 


Date 
Change 
in Color Visual Model 
Age,y Sex Implanted Noted Acuity Manufacturer No. 


1/82 F 10/7/87 4/30/91 20/30 STAAR AA-4203C 


2/82 F 7/8/87 4/30/91 20/30 STAAR AA-4203C 
3/80 M 11/13/89 4/30/91 20/40 IOLAB LI-30U 


4/70 M 4/1/87 4/18/91 20/30 STAAR AQ- 1000 


Patient 
No. / Date IOL 


5/72 F 10/21/87 4/23/91 20/20 STAAR AA-4203C 


15/83 F 10/23/89 2/19/91 20/25 IOLAB LI-30U 


*IOL indicates intraocular lens. 


itis rather short term (15 months). The presence or absence of 

UV blocking agents does not seem to affect the discoloration 

since the STAAR models did not contain UV blocking agents, 

while the IOLAB models did. 

In light of these findings, it appears that the safety and 

efficacy of silicone as IOL material need to be reassessed. 
ALBERT T. MiLAUSKAS, MD 
Palm Springs, Calif 


Except for his role as a clinical investigator for several intraocular lens 
manufacturers, Dr Milauskas has no proprietary or financial interest in any 
manufacturer. 

Reprint requests to Suite 109, 39-700 Bob Hope Dr, Rancho Mirage, CA 
92270 (Dr Milauskas). 


The IOLAB Corp was invited to reply and forwarded the 
communication to Dr Kershner, one of the investigators of the 
LI-30U lens. His response follows. — ED. 


In Reply.—Dr Milauskas has described his experience with 
15 silicone IOL implantations of two lens materials and styles 
from two separate manufacturers. I have clinical experience 
with several hundred patients in whom silicone IOLs from 
three manufacturers have been implanted (STAAR Surgical 
lenses, IOLAB LI-30U, and the Allergan Medical Opties 
[Irvine, Calif] SI18, SI20, and SI22 NB series of silicone 
lenses). I have reviewed the medical records of my patients, 
all of whom were exposed to the high-intensity UV sun expo- 
sure of Southern Arizona, and none was found to have discol- 
ored IOLs. I have spoken with the manufacturing representa- 
tives of both Allergan Medical Opties and IOLAB; neither one 
has received an official report of discolored silicone IOLs after 
up to 5 years of postoperative experience. 

Several investigators in the IOLAB LI-30U original core 
study have reviewed the photographs supplied by Dr Milaus- 
kas and none has been able to detect the discoloration that he 
describes. IOLAB has sent several representatives to Dr 
Milauskass office who examined his patients in whom this 
finding has been discovered. No adverse effects on vision 
were seen in any of these patients. 

To date, more than 40 investigators have participated in the 
implantation of the LI-30U thregspiecesilicone IOLs, with a 
total of more than 800 IOLs hk Avi y Been im 
the other investigators in 
finding that Dr Milauskas 
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Dr Milauskas states that he carefully scrutinized the medi- 
cal history of his patients and there appeared to be “no com- 
mon thread linking any of the patients.” Of course, the com- 
mon thread is that they were all treated by asingle surgeon. It 
is quite possible that Dr Milauskas uses an intraocular medi- 
cation or instrumentation that can adversely interact with the 
silicone material. This possibility will need to be investigated 
further. His reported findings could also be due to the exami- 
nation equipment available in his office, such as the use of UV 
filters. Dr Milauskas concludes that “with the density of the 
discoloration in some cases, contrast sensitivity may have 
been reduced.” Since none of his patients experienced a 
change in visual acuity, I believe that this speculation is 
incorrect. Contrast sensitivity tests can easily be performed, 
and I recommend that this be done in these patients. 

I also find it curious that 14 of the 15 patients were discov- 
ered to have discolored silicone IOLs during a 3-week period 
even though these lenses were implanted up to 4 years previ- 
ously. Why did not these findings show up earlier? 

Silicone material has a long history of use in various artifi- 
cial implants. The fact that Dr Milauskas has identified the 
discoloration in both the STAAR material and the second- 
generation IOLAB material is suspect since these materials 
are different. I conclude, therefore, that this is an anecdotal 
report of several cases of a single physician, and recommend 
close study of Dr Milauskass patients by outside investiga- 
tors to further delineate the underlying cause of his findings. 

ROBERT M. KERSHNER, MD 
Tucson, Ariz 


The author is not affiliated with IOLAB Corp and has no direct financial 
interest in the LI-30U. 


In Reply. —STAAR Surgical first learned of Dr Milauskass 
reported observations on April 9, 1991, at the American 
Society of Cataract and Refractive Surgery meeting in Bos- 
ton, Mass. We immediately initiated an exhaustive quality 
assurance review of the manufacturing lots from which the 
subject lenses were made. The results of the review of the 
manufacturing records for these lenses were unremarkable, 
with the specifications for the RMX-3 silicone material found 
to be aeceptable. A total of 6874 IOLs made from the same 
RMX-3 material lots have been implanted, with no other 
reports of brown colorization. 

We consulted two materials scientists who pointed out that 
silicones are the materials of choice for many applications in 
which resistance to extremes of chemical, temperature, and 
UV light exposure is necessary. They do not dry out, become 
brittle, or discolor with age. In fact, the primary use of the 
RMX-3 silicone material in industry is as an environmental 
protectant for equipment. Neither the separate components 
of RMX-3 nor the final cross-linked polymer or any potential 
byproduct contain any functional groups subject to degrada- 
tion or other chemical or physical changes that may be expect- 
ed to result in a darkening of the lens. Thus, STAAR's ELAS- 
TIC and ELASTIMIDE lenses are expected to remain clear 
and chemically unchanged under all conditions of use that 
would be encounterd. 

IOLAB Corp is not one of our technology transfer licens- 
ees, so we have no knowledge of the type and quality of their 
silicone material, manufacturing processes, or U V-absorbing 
additives and whether any ofthese components has the capac- 
ity to discolor with time. 

STAAR has performed a site audit of Dr Milauskas’s cases. 
Examination of the medical records of these patients revealed 
no obvious clinical manifestation of this reported problem. In 
no case did Dr Milauskas attribute any visual loss or evidence 
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of flare/cells or any other complications to this finding. In fact, 
the patients were happy and totally unaware of any problem 
with their IOL. Dr Milauskas has no plans to explant these 
lenses. He also provided us with a slit-lamp photograph be- 
lieved to be typical of his findings with the STAAR lenses. 
Three of our investigators (John Shepherd, MD, J. Stuart 
Cumming, MD, and Thomas Mazzocco, MD) reviewed the 
photograph and were unable to see any abnormality. Dr 
Milauskas then informed us that the findings with the STAAR 
lens were so subtle that they would be difficult or impossible 
to photograph. 

Dr Milauskas graciously allowed Dr Cumming to examine 
two patients (three eyes) in whom he had observed a colored 
silicone IOL. All three of these patients had lenses made with 
unfiltered silicone by STAAR before 1987. The findings were 
so subtle that Dr Cumming had some difficulty visualizing any 
color discontinuity even under high-power slit-lamp examina- 
tion. After much careful searching, he was able to ascertain 
that the phenomenon Dr Milauskas was reporting was an 
observation Dr Cumming has seen in his own patients. 

Dr Cumming believed that reflections from the fine parti- 
cles in the early IOLs produced by STAAR using unfiltered 
silicone material may have caused the lens to appear to have a 
brownish tint under certain light conditions. He described the 
lenses as having a very slightly tan central area with a clear 
peripheral zone in two eyes. The third lens appeared to be 
colored on the surface. Dr Cumming has seen these changes 
both immediately after surgery and in long-term follow-up of 
patients. However, in his experience, they do not progress 
and appear to have no clinical significance; Dr Cumming 
believes the coloration to be an artifact of the earlier manufac- 
turing process. 

Dr Mazzocco also observed similar nonprogressive color- 
ations in earlier (before 1987) silicone IOLs he has implanted. 
However, four other investigators with extensive experience 
implanting STAAR silicone IOLs have never observed this 
phenomenon, which probably indicates that it is very rare or 
the manifestations are so subtle and insignificant that it es- 
capes the notice of qualified and trained specialists. 

STAAR Surgical retains IOLs from each material lot pro- 
duced. Six such lenses were obtained from one of the unfil- 
tered silicone lots that included Dr Milauskass IOLs. Anoth- 
er sampling was taken from a different lot of lenses made in 
1987, after the filtration process was implemented. Dr Cum- 
ming examined both sets of lenses in vitro with the slit lamp 
and found colorations in the unfiltered silicone lenses that 
matched his observations of the lenses in Dr Milauskass 
patients. Dr Cumming found no coloration at all in the lenses 
made with the filtered silicone. 

Given this information, we have formulated a working 
hypothesis for the possible cause of the subtle coloration 
observed in STAAR Surgical's early IOLs. Before mid-1987, 
some STAAR silicone IOLs had a somewhat grainy or granu- 
lar appearance visible under careful slit-lamp scrutiny. At 
that time, STAAR Surgical added a filtration step in its 
manufacturing process to remove trace impurities that might 
have contributed to this appearance. This step rendered the 
resultant material completely clear optically. We believe that 
some of these trace components, which are now being re- 
moved, caused the reflectance observed by Dr Milauskas, 
giving these older lenses a brownish tinge visible under ex- 
treme slit-lamp scrutiny. All agree, including Dr Milauskas at 
our most recent meeting, that these findings have no clinical 
significance. All the lenses were manufactured with unfil- 
tered RMX-3 materials. 

STAAR Surgical has been conducting research on silicone 
materials and producing silicone IOLs since the early 1980s. 
With tens of thousands of silicone IOLs implanted and de- 
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cades of accumulated experience with silicone in industrial, 
biotechnical, and prosthetic applications, we believe that the 
safety, efficacy, and stability of STAAR silicone IOLs are 
well established and not brought into question by Dr Milaus- 
kass observations. 
STEVEN L. ZIEMBA, MS 
Monrovia, Calif 


Mr Ziemba is Vice President of Regulatory Affairs with STAAR Surgical Co, 
Monrovia, Calif. 


Dr Milauskas Responds.—I am embarrassed for Dr 
Kershner and IOLAB Corp for such an amateurish and unsci- 
entific attempt at damage control of the discoloration problem 
as it affects the LI-30 and LI-20 IOLs. Some of the allega- 
tions, speculations, and conclusions are so ludicrous and ab- 
surd that responding to them specifically would be below my 
dignity. We are proud of our world-class facilities and staff. 
We do not have any sinister Frankenstein-type laboratories 
dedicated to trying to make silicone IOLs turn brown. 

As a physician and clinical research investigator, I have a 
duty to my patients and colleagues, the manufacturers, and 
the Food and Drug Administration to report any adverse 
reactions that may occur. It is unfortunate that some reac- 
tions occur in the human body that are not planned; this is 
precisely why we have these reporting safeguards. The 
IOLAB silicone lenses are investigational study IOLs, and, 
consequently, we should not be surprised at any findings. 
Fortunately, limited numbers of these IOLs have been im- 
planted in this country. Despite any desire by manufacturers 
to disbelieve this discoloration process, I think that they 
should be forthright enough to admit that a problem does 
exist and work to prevent future patients from being exposed 
to a potentially sight-threatening condition. Many of us have 
lived through and continue to live through the closed-loop 
anterior chamber lens problems, such as those that occurred 
with the IOLAB 91Z, the Optical Radiation Corp UV-11h, the 
Leiske-style lens, and others. If only someone had recognized 
the problems with these lenses early and had the courage to 
speak out, perhaps many eyes would not have been 
jeopardized. 

The problem in these present cases is the silicone. It has a 
tendency to turn brown. The problem is not the observer, the 
slit lamps, or the surgical technique. Our initial contrast 
sensitivity studies do show a noticeable decrease in contrast 
sensitivity in some cases. At this point, the final density of the 
progression of the brunnescence has not been determined. 

In response to Mr Ziemba’s lengthy reply on behalf of 
STAAR Surgical, I have no financial or proprietary interest 
in any IOL; my only interest is to protect the welfare of my 
patients and my colleagues’ patients. 

It is important to see through the corporate smoke screen 
and the feeble attempts to minimize and discredit the factual 
findings and the investigator. The problem at hand is that 
some STAAR silicone IOLs discolor to various densities over 
time. The end result has yet to be determined. The observed 
discoloration has been noted by Drs Cumming and Mazzocco. 
By Mr Ziemba’s own admission, there is a browning of the 
IOLs examined, but he is in no position to determine the 
clinical significance. The fact that there is any brunnescence 
at all in a medium that should remain optically clear and 
colorless is very significant. Indeed, the degree of signifi- 
cance cannot yet be determined because there are no long- 
term data available. The statement that one of the lenses 
examined had a “very slightly tan” center is analogous to 
being “very slightly pregnant.” 

Regarding the photograph of the discolored STAAR sili- 
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Silicone intraocular lens (Model 3B, STAAR Surgical Co, Monrovia, 
Calif) with brown discoloration in patient 13. 


cone IOL that was reviewed by Drs Cumming, Shepherd, and 
Mazzocco and in which they apparently could detect no abnor- 
mality, I suggest that they review it again as it is of such 
density that any first-year resident could see it (Figure). At 
no time did I say it was impossible to photograph these 
discolored IOLs. I did say it is difficult in some cases to show 
all the changes as well as I would like. 

I take exception to the statement that the lenses examined 
by Dr Cumming were made of old unfiltered silicone. Patient 
10 did indeed have an old 3B IOL that was discolored. Howev- 
er, patient 1 had bilateraf 4203C IOLs implanted in middle 
and late 1987. These were originally of clear material without 
inclusions at implantation. They now have discolored centers 
and a clear zone around the outside, similar to some of the 
discoloration patterns seen in IOLAB silicone lenses. At pres- 
ent the “jury” is still out in regard to the long-term clinical 
significance. Dr Cumming, in addition to viewing the STAAR 
silicone IOLs, also had an opportunity to examine two pa- 
tients with IOLAB silicone lenses; he concurred that the 
lenses were brown. Although the Snellen visual acuities of all 
the patients have remained stable, one patient with a brown 
IOLAB silicone IOL said that she “had to turn the lights up 
brighter in order to read.” Is this the beginning of clinical 
significance? 

The safety and efficacy of this silicone material are not for 
the investigator to determine. That will ultimately be done at 
the FDA. We have seen that the IOLAB silicone turns brown. 
The recent controversy and questioned safety of silicone as a 
breast implant material should alert us to possible future 
problems with silicone as an implant material in humans. 
These present case reports should make us skeptical. When 
“red flags” begin to appear, we should not immediately accept 
unscientific or trivial explanations of the observed conditions. 
As a clinical investigator, I have an obligation to report the 
facts accurately as I see them, and I have to the best of my 
ability. Sometimes it takes being hit over the head, so to 
speak, with a baseball bat (ie, a brunnescent IOL) to make us 
aware of findings that we have been missing on previous 
examinations. They may not conform to the inventor's or 
manufacturer's expectations, but that is precisely the reason 
for clinical trials. At times we have to bite the bullet and 
accept negative findings. 

In closing, the question I pose is this: Would we implant in 
ourselves, our loved ones, or our patients an IOL made of a 
material that has the capability of turning into another virtual 
cataract and robbing us of the magnificent gift of sight resto- 
ration provided by cataract extraction and lens implantation? 

ALBERT T. MiLAUSKAS, MD 
Palm Springs, Calif 


Reprint requests to Suite 109, 39-700 Bob Hope Dr, Rancho Mirage, CA 
92270 (Dr Milauskas). 
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Goldenhar’s Syndrome 


To the Editor. —The Photo Essay by Ziavras et al’ in the July 
1990 issue of the ARCHIVES about an infant with features of 
Goldenhar’s syndrome—facial asymmetry, epibulbar der- 
moid, and ear and cervical spine defects — was interesting and 
the photographs were superb. The case, however, is some- 
what atypical. The authors describe the infant as having an 
esotropia of 10 prism diopters with limitation of abduction in 
the left eye. Although a congenitally paretic left lateral rectus 
is possible, it is uncommon in a newborn. A more likely 
explanation is Duane's syndrome since the child is female and 
the left eye is involved. 

It is unusual for Duane’s syndrome to be associated with 
Goldenhar's syndrome. Although Treacher Collins syndrome 
was briefly discussed, it looks little like this, but another 
syndrome, Wildervanck’s, does.” This condition is seen al- 
most exclusively in female patients and is associated with 
Duane’s syndrome; features include severe auricular defects 
often associated with deafness and Klippel-Feil syndrome (ie, 
cervical vertebral abnormalities and a variety of associated 
defects, such as a webbed neck) However, Wildervanck's 
syndrome does not appear to be associated with epibulbar 
dermoids. I believe that both Goldenhar's syndrome and Wil- 
dervanek's syndrome probably represent different ends of a 
common spectrum. 

The case reported by Ziavras et al’ has overlapping fea- 
tures of both syndromes. Regardless of my quibbling over 
boundaries, the true importance lies in recognizing syn- 
dromes and testing for associated abnormalities that might 
escape initial detection — in this instance deafness or cervical 
vertebral abnormalities. 

J. TERRENCE COYLE, MD 
Bellevue, Wash 


1. Ziavras E, Farber MG, Diamond GR. A pedunculated lipodermoid in 
oculoauriculovertebral dysplasia. Arch Ophthalmol. 1990;108:1032-1033. 

2. Walsh F, Hoyt W. Clinical Neuro-ophthalmology. 3rd ed. Baltimore, 
Md: Williams & Wilkins; 1969:263, 710. 


In Reply. — We thank Dr Coyle for his letter and appreciate 
his interest in our Photo Essay. The points he raised concern- 
ing the possibility of Duane's syndrome associated with Wil- 
dervanck’s syndrome in our patient are interesting. The child 
we described, however, had mechanical esotropia due to limi- 
tation of abduction in the involved eye from a mass effect that 
resolved after surgery. 
ELAINE ZIAVRAS, MD 
MARTHA G. FARBER, MD 
Gary R. DiaMoND, MD 
Philadelphia, Pa 


Axonal Transport and Anterior 
Ischemic Optic Neuropathy 


To the Editor. —We read with interest the article by Sergott 
et al' and the ensuing correspondence.” In view of the poor 
state of understanding of axonal transport, we urge that the 
role of axoplasmic transport, if any, be deemphasized in fur- 
ther discussions of the efficacy of optic nerve sheath fenestra- 
tion (ONSF) in the treatment of nonarteritic anterior isch- 
emic optic neuropathy. In our view, this important discussion 
asks the following four questions. Does ONSF ameliorate 
nonarteritic anterior ischemic optic neuropathy? If so, is this 
related to edema, intraoptic nerve sheath pressure, or com- 
pression of the optic nerve? Does the edematous condition 
inhibit axoplasmic transport that, in turn, causes an electro- 
physiologic deficit responsible for visual loss? The first two 
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issues are crucial, particularly in view of the opening of a 
surgical *Pandora's box” eloquently outlined by Hayreh,* a 
misgiving shared by us. However, any focus on the third and 
fourth questions will almost certainly prove unproductive in 
view of the poor state of understanding of slow axonal trans- 
port, its uncertain relationship to fast axonal transport, and 
lack of evidence of a direct connection between either form of 
axonal transport and axonal electrical conduction. 

Rapid axonal transport was invoked by Sergott et al' and by 
Hayreh.* Fast axonal transport is the movement of mem- 
brane-bound vesicles along “tracks” of axonal microtubules. 
Recent progress has identified two microtubule-dependent 
adenosine triphosphatase molecules responsible for this 
movement.” Low doses of drugs that depolymerize microtu- 
bules halt fast axonal transport with little or no effect on 
electrical activity," indicating that this activity is indepen- 
dent of rapid transport. Interestingly, high doses of these 
drugs cause degenerative changes in addition to rapid trans- 
port block and, in these cases, electrophysiologic deficits 
appear.’ Slow axonal transport, invoked by Sergott et al^ in 
their reply to Hayreh, has long been recognized as distinct 
from rapid axonal transport, but is otherwise very poorly 
understood and highly controversial at this time.’ Explaining 
effects of ONSF on nonarteritic anterior ischemic optic neu- 
ropathy on the basis of axonal transport processes must be 
considered a highly speculative interpretation in view of our 
current understanding of axonal transport. In our view, avail- 
able data from many sources are consistent with the interpre- 
tation that any compression of axons causes electrophysiolog- 
ic deficit by nonspecific degenerative mechanisms. 

We believe that the key element is to focus on a simple 
rationale: does ONSF work? Introducing axoplasmic trans- 
port as an interpretation will only muddy the waters. All will 
agree that a carefully controlled, statistically significant, mul- 
ticenter clinical trial is a must. It is an immediate priority to 
close forever this Pandora's box or, happily, prove the useful- 
ness of ONSF therapy in this fairly common, otherwise in- 
tractable disease. 

STEVEN R. HEIDEMANN, PHD 
DAVID KAUFMAN, DO 
East Lansing, Mich 
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In Reply.—First, we believe that optic nerve sheath decom- 
pression does improve the visual function of approximately 
75% of patients with the progressive form of nonarteritic 
ischemic optic neuropathy. At present, we believe that optic 
nerve sheath decompression in some way improves the hemo- 
dynamic perfusion of the optic nerve, and possibly the optic 
disc. 

We agree that the issue of axoplasmic transport is complex 
and confusing. Although axoplasmic transport may not be 
directly responsible for visual function and neural conduction, 
we doubt that the physiologic processes of axoplasmic trans- 
port and impulse conduction can be segregated irrevocably in 
specific pathologic situations. For example, the experiments 
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of McLeod et al’ dividing the posterior ciliary arteries of 
monkey eyes to produce ischemic optic neuropathy demon- 
strated an obstruction of axoplasmic transport at the lamina 
cribrosa. 

Finally, the need for a multicenter clinical trial depends on 
the acceptance or rejection by the neuro-ophthalmic commu- 
nity of the previous natural history studies concerning nonar- 
teritic ischemic optic neuropathy.” If ischemic optic neuropa- 
thy does indeed have an “intractable” natural history, as 
Drs Heidemann and Kaufman state, a multicenter trial be- 
comes a superfluous, expensive exercise. However, if the 
natural history is dramatically more benign than well-re- 
spected clinicians have described previously, a multicenter 
trial becomes imperative. 

As we stated in previous correspondence, we await the 
results of other investigators to confirm or refute our results 
regarding the surgical therapy of nonarteritic ischemic optic 
neuropathy. 

RoBERT C. SERGOTT, MD 
THOMAS M. BosLey, MD 
Marc S. CoHEN, MD 
PETER J. SAVINO, MD 
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Striate Melanokeratosis 


To the Editor.—I read with interest both the letter to the 
editor’ and the case report? describing the occurrence of stri- 
ate melanokeratosis after treatment with 5-fluorouracil. 
Stank et al’ suggest that 5-fluorouracil may stimulate pigment 
formation. Striate melanokeratosis occurs in heavily pig- 
mented individuals, particularly after injury or chronic in- 
flammation involving the cornea. The cornea normally con- 
tains no pigmented cells, but melanocytes are present in the 
limbal area adjacent to blood vessels. It is thought that mela- 
nin transfers from these cells to adjacent epithelial cells, 
which are then carried centripetally forward in the cornea. 
The pattern visible on the cornea is one of a vortex. A variety 
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of conditions produce a similar pattern in which the direction 
of cellular movement becomes evident because of the intracel- 
lular material. Bron of Oxford (England) University de- 
scribed a variety of diverse conditions exhibiting this vortex 
pattern and believed that they represented general growth 
properties of the epithelium, namely a centripetal “pigment 
slide." Similar vortex patterns of epithelial cell movement 
have been commonly reported after penetrating kerato- 
plasty, and epithelial cell movement in the cornea has been 
broadly reviewed recently.’ 

Vortex patterns have several common characteristics. In 
all of these conditions, there is a general direction toward an 
apex, usually from the inferior portion to the center of the 
cornea. The radiating lines seem to extend from the limbus in 
a generally curving, clockwise pattern. On the basis of a 
topographic analysis of superficial corneal cell size and shape, 
a hypothesis has been advanced to explain epithelial cell 
movement.* It is thought that the shearing force of the upper 
lid, which is presumably maximal at the apex of the cornea, 
results in a preferential loss of corneal epithelial cells at the 
corneal apex, acting as a stimulus for the centripetal move- 
ment of cells from the limbus to the central cornea. The area 
with the radiating lines of the vortex pattern concentrate just 
below the limit of excursion of the upper lid. The upper lid 
exerts strong posterior force on the cornea; the lower lid 
exerts negligible force. In the inferior portion of the cornea, 
however, these lines predominate and show less cell loss than 
do lines in the superior central area. 

Exerting a toxic effect on the corneal epithelium in highly 
pigmented individuals, 5-fluorouracil would be expected to 
accelerate centripetal cellular movement, increasing the like- 
lihood of pigment transfer and pigment migration across the 
corneal surface. 

MICHAEL A. LEMP, MD 
Washington, DC 


1. Stank TM, Krupin T, Feitl ME. Subconjunctival 5-fluorouracil-induced 
transient striate melanokeratosis. Arch Ophthalmol. 1990;108:1210. 

2. Peterson MR, Skuta GL, Phelan MJ, Stanley SA. Striate melanokeratosis 
following trabeculectomy with 5-fluorouracil. Arch Ophthalmol. 1990; 
108:1216-1217. 

3. Bron AJ. Vortex patterns of the corneal epithelium. Trans Ophthalmol 
Soe U K. 1973;93:455-472. 

4. Lemp MA, Mathers WD. Corneal epithelial cell movement in humans. 
Eye. 1989;3:438-445. 


The authors of the case report have chosen not to reply. — ED 
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Myxoma of Bone Involving the Orbit 


A myxoma is a neoplasm of mesenchy- 
mal origin that usually develops in soft 
tissues. Myxoma of bone (intraosseous 
myxoma) is rare, usually occurring in 
the mandible or less commonly in the 
maxilla. We report a case of a myxoma 
arising from the lateral orbital wall. To 
our knowledge, only one previous case 
of a myxoma in this location has been 
reported. ' 


Report of a Case.—A 40-year-old woman 
presented with a 1-year history of recurrent 
periorbital swelling and redness of the left 
eye, accompanied by a burning sensation. 
An eye examination revealed only 3 mm of 
left proptosis and mild swelling of the left 
upper eyelid. Computed tomography dem- 
onstrated a 1.5-em mass arising from the 
left lateral orbital wall and extending into 


Fig 1.—Computed tomographic scans of the 
lesion (top, axial view; bottom, coronal view) 
demonstrate a left orbital mass arising from 
bone (arrows). 
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the orbit and posteriorly into the pterion 
and greater wing of sphenoid (Fig 1). The 
lesion was of soft-tissue density with no 
bone matrix. Focal destruction of the later- 
al orbital wall and the inner table of the 
skull were present, with no periosteal reac- 
tion, although dural involvement could not 
be assessed. 

A lateral orbitotomy and a small, tempo- 
ral craniectomy were performed to expose 
the mass, which was composed of islands of 
soft tissue the consistency of jelly sur- 
rounded by apparently normal bone. The 
soft-tissue component extended into the 
orbit and anterior cranial fossa, but did not 
penetrate the periorbita or dura. The lesion 
was excised in a piecemeal fashion along 
with adjacent bone. 

The gross pathologic specimen was com- 
posed of soft gray-white and gray-pink tis- 
sue surrounded by normal-appearing bone. 
Histologic examination revealed stellate 
spindle cells in myxoid stroma, with some 
cells containing intracytoplasmic globules of 
diastase-resistant material that stained pos- 
itively with the periodic acid-Schiff stain 
(Fig 2). These features, in combination with 
the radiographic findings, were thought to 
be characteristic of myxoma of bone. 


Comment. — Myxomas probably 
originate from undifferentiated mesen- 
chymal cells. They arise in a variety of 
soft tissues and in bone. The soft- 
tissue neoplasms are widely distrib- 
uted, but most of the bone lesions 
occur in the jaw and are thought to 
arise from dental tissue (odontogenic).” 
There are, however, myxomas of the 
facial bones that do not arise in tooth- 
bearing areas (osteogenic). In our case 
and in the case reported by Maiuri et 
al; a myxoma arose from the postero- 
lateral orbital wall and extended into 
both the orbit and cranial cavity. Both 
patients presented with swelling, pro- 
ptosis, and discomfort of the affected 
eye without diplopia or loss of visual 
acuity. 

Although many neoplasms contain 
some myxoid tissue or undergo myxoid 
degeneration, true myxomas are com- 
posed of stellate cells in a loose mucoid 
stroma through which run delicate re- 
ticulin fibers." The diagnosis of myxo- 
ma is made pathologically by excluding 


Fig 2.—High-power photomicrograph showing a loose network of reticulin fibers in abundant 
mucoid material and stellate spindle cells. 
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other lesions that may show myxoid 
areas, including schwannomas, neuro- 
fibromas, myxoid liposarcomas, rhab- 
domyosarcomas, fibrous dysplasia, and 
various fibrous or cartilaginous 
neoplasms. 

There are no specific radiologic find- 
ings that permit a preoperative diag- 
nosis. Osteogenic myxomas are well- 
circumscribed, soft-tissue-density 
lesions that can have a “bubbly” ap- 
pearance. There is no periosteal reac- 
tion or bone matrix. They are locally 
infiltrative, and may extend into the 
adjacent paranasal sinuses and soft 
tissues. 

Myxoma of bone is a benign neo- 
plasm that does not metastasize. It is 
locally invasive, however, and if mere- 
ly euretted or shelled out, will often 
recur locally. The optimum surgical 
treatment, therefore, is wide local 
resection. 

ERROL J. CANDY, MD 
NEIL R. MILLER, MD 
BENJAMIN S. CARSON, MD 
Baltimore, Md 


l. Maiuri F, Corriero G, Galiechio B, Angrisani 
P, Bonavolonta G. Myxoma of the skull and orbit. 
Neurochirurgia. 1988;31:136-138. 

2. Radden BG, Reade PC. Odontogenic myxoma 
of the jaw. Oral Surg. 1962;15:355. 

3. Stout AP. Myxoma, the tumor of primitive 
mesenchyme. Ann Surg. 1948;127:706-719. 


Alteration of Patient Posture to 
Control Immediate Postoperative 
Hypotony After Fistulizing Surgery 


Hypotony may complicate fistulizing 
surgery in the immediate postopera- 
tive period due to excessive leakage 
through the fistula.' This often results 
in the formation of choroidal detach- 
ments, which are complicated by in- 
creased uveoscleral outflow of aqueous 


Fig 1.—Perflouropropane gas bubble in the anterior chamber with the 
patient supine. 
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humor into the suprachoroidal space 
and further hypotony.” Also, hypotony 
in aphakic eyes carries the added risk 
of delayed nonexpulsive suprachoroi- 
dal hemorrhage.’ Intraoperative injec- 
tion of perfluoropropane (C,F,) during 
fistulizing surgery has recently been 
advocated to maintain intraocular 
pressure in the immediate postopera- 
tive period following the insertion of a 
Molteno tube with a vicryl tie.' We de- 
scribe a patient who, following a trab- 
eculectomy, underwent manipulation 
of intraocular pressure by the alter- 
ation of posture and by preventing po- 
tential side effects of hypotony. 


Report of a Case.—A 14-year-old girl 
with bilateral congenital cataracts and mi- 
croophthalmus had undergone bilateral 
lens aspiration and anterior vitectomies 
before age 4 years. She subsequently devel- 
oped bilateral glaucoma, which was treated 
in the left eye by vitrectomy, insertion of a 
Joseph tube, and then repeated cyclocryo- 
therapy. Intraocular pressure was stabi- 
lized, but final visual acuity was hand move- 
ments. The right eye received cyclothermal 
neodymium-YAG laser therapy on three 
occasions. Despite this treatment and 4% 
pilocarpine four times a day, 0.5% timolol- 
maleate (Timoptol) twice a day, and 250 mg 
of acetazolamide four times a day, intraoc- 
ular pressure in the right eye remained 
poorly controlled. Visual acuity was 20/120 
OD and intraocular pressure was 44 mm Hg 
prior to a right trabeculectomy and periop- 
erative injection of 20% C;F,, followed by a 
course of subconjunctival fluorouracil. On 
the first postoperative day, intraocular 
pressure in the right eye was 5 mm Hg af- 
ter the patient sat erect for 2 hours. The gas 
bubble occupied half of the posterior seg- 
ment. The patient was then placed in supine 
position and gas entered the anterior cham- 
ber (Fig 1). Four hours later, the intraocu- 
lar pressure was 12 mm Hg. Alterations in 
posture during the next 3 days produced 
marked changes in the intraocular pressure 
(Fig 2), which stabilized at approximately 
15 mm Hg by day 5 with the patientupright; 
choroidal detachment had not occurred. 


Comment.—Intraoperative injec- 
tion of C,F, during fistulizing surgery 
is thought to prevent ocular hypotony 
by tamponade of the fistula site. It has 
recently been shown to be more effec- 
tive than sulfur hexaflouride and so- 
dium hyaluronate.' To tamponade the 
fistula, it must be maintained in the 
anterior chamber. In our patient this 
was not achieved in the first 5 postop- 
erative days with the patient in an 
erect position (intraocular pressure, 
<7 mm Hg), but occurred with the 
patient supine (intraocular pressure, 
10 to 20 mm Hg). On the fifth day, in- 
traocular pressure remained at 15 mm 
Hg with the patient erect, suggesting 
that the initial high flow of aqueous 
through the fistula had subsided. 

The presence of C,F, in the anterior 
chamber may be toxic to the cornea,’ 
although these experiments were per- 
formed in rabbits and no cases of cor- 
neal decompensation occurred. In aph- 
akic vitrectomized eyes, gas can pass 
into the posterior segment and so pro- 
longed corneal contact can be avoided. 
In addition, the 20% concentration 
used seemed not to cause clinical dam- 
age. 

We believe that injection of intraoc- 
ular C,F, in aphakic, vitrectomized 
eyes can be effective in preventing im- 
mediate postoperative hypotony after 
fistulizing surgery, especially if in- 
traocular pressure is manipulated by 
alteration of posture until the initial 
high flow through the fistula subsides. 
The supine position causes gas to enter 
the anterior chamber and tamponade 
the fistula site. Short periods of erect 
posturing may be advisable to prevent 
prolonged periods of gas contact with 
the corneal endothelium. 


PHILIP G. HYKIN, FRCS 
ROGER A. HITCHINGS, FRCS 
London, England 


Fig 2.— Relationship of intraocular pressure to posture in the immediate 


postoperative period after fistulizing surgery. 
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Small-Cell Carcinoma 
Metastatic to the Lacrimal 
Gland 


Lacrimal gland fossa lesions present a 
significant management challenge. 
The differential diagnosis is extensive. 
While metastatic tumor involvement 
should be included on every list of dif- 
ferential diagnoses related to an ex- 
panding mass, such involvement of the 
lacrimal gland is exceedingly rare. We 
report a case of occult small-cell lung 


Fig 1.— Top, Clinical appearance at time of presentation. Bottom, Orbital 
computed tomographic scan showing lacrimal gland fossa mass. 
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carcinoma metastatic to the lacrimal 
gland, with some features of an in- 
flammatory lesion. 


Report of a Case.—A 65-year-old white 
woman presented with a 2-week history of 
swelling and tenderness above her right 
eye. Topical antibiotics were administered. 
The swelling increased and the patient was 
referred to us. 

Examination revealed a tender, palpable 
mass in the lacrimal gland fossa and an S- 
shaped upper eyelid. The interpalpebral 
fissure was narrowed (Fig 1). The balance 
of the ophthalmic examination results were 
normal. The initial impression was dacry- 
oadenitis, and amoxicillin therapy was 
started. Three days later, the patient re- 
turned with no improvement. Orbital com- 
puted tomographic scan demonstrated a 
mass in the right orbit involving the lacri- 
mal gland fossa and adjacent superficial 
soft tissue (Fig 1). There was no bony ero- 
sion or pressure change. The clinical course 
suggested a malignant epithelial tumor, 
and a lateral orbitotomy with excisional 
biopsy was performed. 

A large mass within the lacrimal gland 
fossa was dissected from the lid, extending 
to, but not involving, the lateral rectus. 
Grossly, the mass was 2X2X2.5 cm, consist- 


ing of necrotic areas intermixed with pale 
tissue. Histologically, normal lacrimal 
gland remnants were noted in the periphery 
of a uniformly undifferentiated tumor com- 
posed of cells having oval basophilic nuclei 
and indistinct cytoplasm. Mitotic figures 
were plentiful (Fig 2). The diagnosis of un- 
differentiated small-cell carcinoma, so- 
called neuroendocrine type, was made. 

Subsequent medical evaluation, which 
included a thoracic computed tomographic 
scan, revealed a left lower lobe lung mass. 
The patient was referred to an oncologist 
and received chemotherapy, but refused 
radiation therapy to the orbit. She was still 
alive 7 months after presentation. The lung 
mass showed a marked decrease in size fol- 
lowing chemotherapy, a response typical 
for this tumor. 


Comment.—Tumors metastatic to 
the orbit are relatively infrequent. In 
one large referral series, 2.5% of 
space-occupying orbital lesions that 
underwent biopsies proved to be of 
metastatic origin. In this same study, 
13% of orbital masses were lacrimal 
gland fossa lesions; however, none in 
this latter group was caused by carci- 
noma metastatic to the lacrimal gland. 


Fig 2.—Top, Normal lacrimal gland at edge of tumor. Bottom, High- 
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power view showing undifferentiated tumor cells with numerous mitoses 
(hematoxylin-eosin, original magnification X 160 [Top], X640 [Bottom]). 
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Small-cell carcinoma metastatic to 
other orbital soft tissues, exclusive of 
the lacrimal gland, has been reported.’ 
Interestingly, that was a case of small- 
cell carcinoma metastatic to the me- 
dial rectus muscle that masqueraded 
as inflammatory disease (myositis). 
Bronchogenic carcinoma is the most 
common primary tumor to metasta- 
size to the orbit in men and it is 
increasing in frequency in women to 
challenge the incidence of breast can- 
cer. In our case, as in almost half of the 
cases previously described; ocular 
symptoms preceded detection of the 
primary tumor. 

Differential diagnosis of lacrimal 
gland fossa masses generally includes 
primary epithelial tumors of the lacri- 
mal gland, as well as inflammatory and 
lymphomatous lesions. However, as 
demonstrated in this case, metastasis 
from a distant, possibly occult, carci- 
noma should be considered among the 
possibilities. 

ROBERT E. TIBOLT, MD, PHD 
DALE R. MEYER, MD 
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Atypical Fibroxanthoma 
of the Eyelid and Cheek 


Atypical fibroxanthoma (AFX) is a fi- 
brohistiocytic tumor that usually oc- 
curs in actinically damaged facial skin 
of the elderly. The tumor is histologi- 
cally indistinguishable from pleomor- 
phic forms of malignant fibrous histio- 
cytoma. In contrast to malignant 
fibrous histiocytoma, which occurs in 
the deep soft tissues and requires radi- 
cal surgery, AFX originates in the 
dermis and responds well to localized 
excision." Distinguishing this tumor 
from squamous cell carcinoma may be 
difficult. We describe a patient with 
AFX involving the eyelid and cheek to 
illustrate the clinical and histologic 
similarities to spindle cell, squamous 
cell carcinoma. 


Report of a Case.—We treated an 82- 
year-old man with a 3-em lesion that devel- 
oped during a 6-week period in the right 
lower eyelid and cheek region (Fig 1). The 
temporal portion of the right lower lid 


922 Arch Ophthalmol— Vol 109, July 1991 








y Aus 
aM: 


OR IN 


Fig 2.—Pseudoepitheliomatous hyperplasia (arrows) eds to the Ks cell tumor (aster- 
isks) containing bizarre multinucleated giant cells (hematoxylin-eosin, original magnification 


x 10). 


demonstrated ectropion, exposure conjunc- 
tivitis, and eyelash loss. Preauricular and 
cervical lymphadenopathy was absent. The 
presumed diagnosis was squamous cell car- 
cinoma arising in actinically damaged skin. 

The differential diagnosis determined 
from an incisional biopsy specimen included 
spindle cell, squamous cell carcinoma, 
AFX, and dermatofibrosarcoma protuber- 
ans. 

The patient underwent Mohs surgery, 
and the defect measured 6x6 cm and en- 
compassed two thirds of the temporal right 
lower eyelid. A tarsoconjunctival graft, 
cheek advancement flap, and full-thickness 
skin graft were used to repair the defect. 


Examination of the resected specimen re- 
vealed an AFX with actinic keratosis and 
marked pseudoepitheliomatous hyperplasia 
of the adjacent skin (Fig 2). Spindle and 
pleomorphic tumor cells were arranged 
haphazardly or in a fascicular pattern (Fig 
3). Multinucleated giant cells were also 
present. Immunohistochemical studies 
demonstrated the presence of vimentin and 
the absence of cytokeratin and S100 pro- 
tein. The patient was free of recurrence or 
metastasis 1 year after surgery. 


Comment.— Atypical fibroxanthoma 
is a superficially located fibrohistio- 
cytie tumor that may cause overlying 
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epidermal ulceration or atrophy. It is 
primarily dermal and may extend into 
subcutaneous tissues, but does not in- 
volve fascia or muscle. The lesion is 
usually less than 2 em in diameter and 
the median interval between onset and 
presentation is 4 months.’ The clinical 
presentation is indistinguishable from 
other primary cutaneous neoplasms, 
such as squamous cell carcinoma, basal 
cell carcinoma, and malignant mel- 
anoma. 

Histologically, AFX is composed of 
spindle and pleomorphic cells arranged 
in a haphazard or fascicular pattern. 
Multinucleated giant cells and mitotic 
figures may be present. Distinguishing 
between AFX and spindle cell, squa- 
mous cell carcinoma or melanoma may 
be difficult, particularly if the surface 
is ulcerated. In our patient, not only 
was the surface ulcerated but the epi- 
dermis adjacent to the tumor showed 
marked pseudoepitheliomatous hyper- 
plasia, simulating squamous cell carci- 
noma. In certain cases, immunohisto- 
chemical studies may prove invaluable. 
Spindle cell, squamous cell carcinomas 
stain positively for cytokeratin and 
epithelial membrane antigen but nega- 
tively for vimentin and $100 protein. 
In contrast, melanoma stains positive- 
ly for vimentin and S100 protein but 
negatively for cytokeratin. Atypical fi- 
broxanthoma stains positively only for 
vimentin in the panel of antibodies 
described. 

Surgical excision with tumor-free 
margins is usually curative. However, 
margin involvement does not always 
result in recurrence. Metastasis is 
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Fig 3.— Spindle and pleomorphic tumor cells are arranged haphazardly or in a fascicular pattern 
(hematoxylin-eosin, original magnification x 40). 


rare but develops most often when 
histologic evaluation reveals vascular 
invasion, necrosis, and extension into 
deeper tissues.” 

To our knowledge, this is the second 
case of AFX involving the eyelid in the 
ophthalmic literature.* The ophthalmic 
surgeon should be familiar with this 
cutaneous tumor because of its predi- 
lection for the facial area, its similar- 
ities to squamous cell carcinoma, and 
its excellent response to localized 
excision. 
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Complications of Freeman Plugs 





Freeman punctal plugs (Eagle Vision, 
Memphis, Tenn) are becoming more 
popular and are a great improvement 
over the temporary collagen plugs 
used in treating dry eyes. The advan- 
tage of punctal plugs over the collagen 


plugs is a total punctal occlusion that is 
also reversible. Two types of complica- 
tions have been reported in four cases 
from the use of the Freeman plugs." 
The first complication is loss of the 
plug in the canaliculus, either sponta- 
neously or from excessive insertion 
force. The second complication is per- 
manent punctal scarring after removal 
of the plug. Three cases involved the 
smaller Freeman plugs. Although it is 
important to be aware of these compli- 
cations, they are quite rare. I have 
placed more than 200 Freeman plugs of 
various sizes with only three complica- 
tions in the past 4 years, and both 
occurred with the larger “standard”- 
sized plug. 

Report of Cases.—CASE 1.—A 55-year- 
old man presented with moderate dry eye 
and foreign body sensation. Standard Free- 
man punctal plugs were inserted in both 
lower puncta. On the right lower lid, dila- 
tion was not adequate and excessive force 
was required for plug insertion. The plug 
was inserted too far and disappeared into 
the canaliculus. Several unsuccessful at- 
tempts were made to retrieve the plug with 
forceps. The patient refused any further 
intervention. He had no subsequent sequel- 
ae during the next 4 years. 

CASE 2.—A Al-year-old man presented 
with severe dry eyes that caused irritation 
and diffieulty reading. He used artificial 
tears eight times per day. Superficial corne- 
al punctate staining was noted centrally in 
both eyes. Schirmer testing revealed 
0.6 mm OD and 1 mm OS of wetting with 
topical anesthetic after 5 minutes. The pa- 
tient requested that only the worse eye be 
treated with temporary punctal occlusion. 
A standard Freeman punctal plug was in- 
serted into the right lower punctum without 
difficulty. Two days later, the patient com- 
plained of a foreign body sensation in the 
inner corner of his right eye in the area of 
the punctal plug. The Freeman plug was 
removed. Two weeks later, the patient 
returned for permanent punctal occlusion 
and the right lower punctum was found to 
be closed with scar tissue (Figure). He 
decreased his use of artificial tears to four 
times per day without epiphora. No corneal 
staining was noted on follow-up. The pa- 
tient was followed up for 1 year with no 
reversal of the punctal occlusion. 


Comment.—The following four 
types of complications have been re- 
ported to be associated with Freeman 
punctal plugs: plugs inserted too far 
into the canaliculus, spontaneous loss 
of the plug into the canaliculus, scar- 
ring of the punctum, and surface 
irritation." 

I experienced the first complication, 
loss of the plug into the canaliculus, 
the first time I inserted a Freeman 
plug. I attribute this complication to 
unfamiliarity with the device. Since 
then I have partially inserted several 
plugs too far but always have easily 
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is due to the inturned punctum in some 
patients and is the most common com- 
plication I have seen. It is more com- 
mon with plugs in the upper lids. The 
patient with dry eye and a compro- 
mised ocular surface is at greater risk 
of secondary infection and must be 
followed up closely for this problem. 
Case 2 is the second instance, to my 
knowledge, of permanent occlusion af- 
ter removal of the Freeman plug. The 
other instance occurred in a 49-year- 
old woman 1 week after the plug was 
removed and required surgery for 
epiphora.' It is important to be aware 
of the risk of rare spontaneous perma- 
nent occlusion after removal of a tem- 
porary Freeman punctal plug. 
CHRISTINE C. NELSON, MD 
Ann Arbor, Mich 





Reprint requests to the W. K. Kellogg Eye Cen- 
ter, 1000 Wall St, Ann Arbor, MI 48105 (Dr 


Closed right lower punctum (arrow). Nelson) 


1. Freeman JM. The punctum plug: evaluation of 
: a new treatment for the dry eye. Trans Am Acad 
retrieved them with forceps. To avoid release all pressure so as not te push it Ophthalmol Otolaryngol. 1975;79:874-879. 
this complication, one should dilate the too far. E IM LJ, — ig aa » 
e , è ~ - te ciated w1 e new smaller size freeman punc 
punetum adequately, apply controlled Surface irritation (ie, keratitis, cor plug. Arch Ophthalmol. 1989;107:961-962. 
pressure while inserting the plug, and neal abrasion, or conjunctivitis) from Besson JE. Hofbewer 1. Preble with 


as soon as the plug is felt to advance, the dome of the plug, as seen in case 2, punctal plugs. Arch Ophthalmol. 1989;107:493-494. 


From the Archives of the Archives 


A look at the past... 


lu cases of chronic softening, for instance, in atrophy, the eye remains smaller for- 
ever, and permanent folds develop in the cornea and sclera. The cornea becomes smaller 
with a corresponding increase of thickness. Folds of Descemet's membrane and some- 
times also small folds of Bowman's membrane reveal themselves as gray lines, because 
between the membranes mentioned and the stroma of the cornea the tissue is under lower 
pressure, which leads at first to accumulation of lymphocytes and later to new formation 
of connective tissue at these places. Contrary to this, a very small cornea may exception- 
ally have preserved its normal thickness and transparency. The sclera not only remains 
flattened at the four sides, but also develops a permanert fold behind the insertion of the 
four recti muscles extending all round, so that it looks like an invagination of the sclera. 


SOURCE: Fuchs E. Consequences of softening of the eyeball. 
Arch Ophthalmol. 1930;3:420. 


Edited by Julie Foreman, Associate Editor 
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THE RELIEF OF 
OCULAR INFLAMMATION 
AND ACCOMPANYING INFECTION 
CAN BE SUMMED UP IN ONE WORD. 
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EYE To EYE, YOUR BEST COMBINATION 


TOBRADEX® (tobramycin 0.3% the most widely prescribed ocular 
and dexamethasone 0.1%) is the L antibiotic worldwide. Through 
combination you know and trust | bactericidal activity, this broad 

for relief of ocular inflammation z spectrum antibiotic destroys com- 
and accompanying infection. First, „ mon ocular pathogens. 
TOBRADEX offers dexametha- Jhr E So next time you need an 
sone alcohol for decisive control ^ wie ^ anti-inflammatory and anti- 
of inflammation in the hospital [ | infective combination, sum 
and in the office. Second, it it up in one word. Prescribe 
offers vou all the advantages TOBRADEX. 

of TOBREX® (tobramycin 0.3%), 


TOBRADEX’ 
PLEASE SEE BRIEF SUMMARY OF 


THE NENT PAGE. O LON ON (tobramycin 0.3% and dexamethasone 0.1 OPHTHALMIC 
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B` 
TobraDex" 

obramycin and Dexamethasone) 

terile Ophthalmic Suspension and Ointment 


. DESCRIPTION: TOBRADEX® (Tobramycin* and Dexamethasone) Ophthalmic Suspension and Ointment are sterile, multiple dose antibiotic 


and steroid combinations for topical ophthalmic use 
The chemical structures for tobramycin and dexamethasone are presented below 


CH, H, 
Tobramycin Dexamethasone 
Empirical Formula: C,, Haz Ns Og Empirical Formula: C37 Hg F 0, 
Chemical Name: Chemical Name: 
0-3-Amino-3-deoxy-cx-D-glucopyranosyl-(14)-0-[2,6-  9-Fluoro-11B,17,21-trihydroxy-t6a-methylpregna-1,4- 
día-mino-2,3,6-trideoxy-a-D-ribo-hexopyranosyl-(186)]- ^ diene-3,20-dione 
2-de-oxy-L-streptamine 


Each mL of TOBRADEX® Suspension contains: Active: Tobramycin 0.3% (3 mg) and Dexamethasone 0.1% (1 mg). Preservative: Benzai- 
konium Chloride 0.01%. Inactive: Tyloxapol, Edetate Disodium, Sodium Chloride, Hydroxyethy! Cellulose, Sodium Sulfate, Sulfuric Acid 





and/or Sodium Hydroxide (to adjust pH) and Purified Water DM-00 
Each gram of TOBRADEX® Ointment contains: Active: Tobramycin 0.3% (3 mg) and Dexamethasone 0.1% (1 mg). Preservative: Chloro- 
butanol 0.5%. Inactive: Mineral Oil and White Petrolatum DM-00 


CLINICAL PHARMACOLOGY: Corticoids suppress the inflammatory response to a variety of agents and they probably delay or slow healing 
Since corticoids may inhibit the body's defense mechanism against infection, a concomitant antimicrobial drug may be used when this inhi- 
bition is considered to be clinically significant. Dexamethasone is a potent corticoid. 

The antibiotic component in the combination (tobramycin) is included to provide action against susceptible organisms. /n vitro studies have 
demonstrated that tobramycin is active against susceptible strains of the following microorganisms: 

Staphylococci, including S. aureus and S. epidermidis (coagulase-positive and coagulase-negative), including penicillin-resistant strains 
Streptococci, including some of the Group A beta-hemolytic species, some nonhemolytic species, and some Streptococcus pneumoniae 
Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, Enterobacter aerogenes, Proteus mirabilis, Morganella morganii, most 
Proteus vulgaris strains, Haemophilus influenzae and H. aegyptius, Moraxella lacunata, and Acinetobacter calcoacelicus (Herellea vagina- 
cola) and some Neisseria species 

Bacterial susceptibility studies demonstrate that in some cases microorganisms resistant to gentamicin remain susceptible to tobramycin 
A significant bacteria! population resistant to tobramycin has not yet emerged; however, bacterial resistance may develop upon prolonged 
use. 

No data are available on the extent of systemic absorption from TOBRADEX Ophthalmic Suspension or Ointment; however, it is known that 
some systemic absorption can occur with ocularly applied drugs. If the maximum dose of TOBRADEX Ophthalmic Suspension is given for 
the first 48 hours (two drops in each eye every 2 hours) and complete systemic absorption occurs, which is highly unlikely, the daily dose 
of dexamethasone would be 2.4 mg. The usual physiologic replacement dose is 0.75 mg daily. If TOBRADEX Ophthalmic Suspension is 
given after the first 48 hours as two drops in each eye every 4 hours, the administered dose of dexamethasone would be 1.2 mg daily. The 
administered dose tor TOBRADEX Ophthalmic Ointment in both eyes four times daily would be 0.4 mg of dexamethasone daily 
INDICATIONS AND USAGE: TOBRADEX Ophthalmic Suspension and Ointment are indicated for steroid-responsive inflammatory ocular 
conditions for which a corticosteroid is indicated and where superficial bacterial ocular infection or a risk of bacterial ocular infection exists 
Ocular steroids are indicated in inflammatory conditions of the palpebra! and bulbar conjunctiva, cornea and anterior segment of the globe 
where the inherent risk of steroid use in certain infective conjunctivitides is accepted to obtain a diminution in edema and inflammation 
They are aiso indicated in chronic anterior uveitis and cornea! injury from chemical, radiation or thermal burns, or penetration of foreign 
bodies. 

The use of a combination drug with an anti-infective component is indicated where the risk of superficial ocular infection is high or where 
there is an expectation that potentially dangerous numbers of bacteria will be present in the eye. 

The particular anti-infective drug in this product is active against the following common bacterial eye pathogens 

Staphylococci, including S. aureus and S. epidermidis (coagulase-positive and coagulase-negative), including penicillin-resistant strains 
Streptococci, including some of the Group A beta-hemolytic species, some nonhemolytic species, and some Streptococcus pneumoniae 
Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, Enterobacter aerogenes, Proteus mirabilis, Morganella morganii, most 
Proteus vulgaris strains, Haemophilus influenzae and H. aegyptius, Moraxella lacunata, and Acinetobacter calcoaceticus and some Neis- 
Seria species. 

CONTRAINDICATIONS: Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, and many other viral diseases of the cor- 
nea and conjunctiva. Mycobacterial infection of the eye. Fungal diseases of ocular structures. Hypersensitivity to a component of the 
medication 


The use of this combination is always contraindicated after uncomplicated removal of a corneal foreign body 

WARNINGS: NOT FOR INJECTION INTO THE EYE. Sensitivity to topically applied aminoglycosides may occur in some patients. If a sensi- 
tivity reaction does occur, discontinue use. 

Prolonged use of steroids may result in glaucoma, with damage to the optic nerve, defects in visual acuity and fields of vision, and posterior 
subcapsular cataract formation. Intraocular pressure should be routinely monitored even though it may bé difficult in children and uncoop- 
erative patients. Prolonged use may suppress the host response and thus increase the hazard of secondary ocular infections. In those dis- 
eases causing thinning of the cornea or sclera, perforations have been known to occur with the use of topical steroids. In acute purulent 
conditions of the eye, steroids may mask infection or enhance existing infection. 

PRECAUTIONS: 

General. The possibility of fungal infections of the cornea should be considered after long-term steroid dosing. As with other antibiotic 
preparations, prolonged use may result in overgrowth of nonsusceptible organisms, including fungi. If superinfection occurs, appropriate 
therapy should be initiated. When multiple prescriptions are required, or whenever clinical judgement dictates, the patient should be exam- 
ined with the aid of magnification, such as slit lamp biomicroscopy and, where appropriate, fluorescein staining 

Information for Patients: Do not touch dropper or tube tip to any surface as this may contaminate the contents 

Carcinogenesis, Mutagenesis, Impairment of Fertility. No studies have been conducted to evaluate the carcinogenic or mutagenic poten- 
tíal. No impairment of fertility was noted in studies of subcutaneous tobramycin in rats at doses of 50 and 100 mg/kg/day. 

Category C. Corticosteroids have been found to be teratogenic in animal studies. Ocular administration of 0.1% dexamethasone 
resulted in 15.6% and 32.3% incidence of fetal anomalies in two groups of pregnant rabbits. Fetal growth retardation and increased mor- 
tality rates have been observed in rats with chronic dexamethasone therapy. Reproduction studies have been performed in rats and rabbits 
with tobramycin at doses up to 100 mg/kg/day parenterally and have revealed no evidence of impaired fertility or harm to the fetus. There 
are no adequate and well controlled studies in pregnant women. TOBRADEX® Ophthalmic Suspension and Ointment should be used during 
pregnancy only if the potential benefit justifies the potentia! risk to the fetus 
Nursing Mothers. it is not known whether this drug is excreted in human milk. Because many drugs are excreted in human milk, a decision 
should be considered to discontinue nursing temporarily while using TOBRADEX Ophthalmic Suspension or Ointment. 

Pediatric Use. Safety and effectiveness in children have not been established 

ADVERSE REACTIONS: Adverse reactions have occurred with steroid/anti-infective combination drugs which can be attributed to the steroid 
component, the anti-infective component, or the combination. Exact incidence figures are not available. The most frequent adverse reac- 
tions to topical ocular tobramycin (TOBREX®) are localized ocular toxicity and hypersensitivity, including lid itching and swelling, and con- 
junctival erythema. These reactions occur in less than 4% of patients. Similar reactions may occur with the topical use of other 
aminoglycoside antibiotics. Other adverse reactions have not been reported; however, if topical ocular tobramycin is administered concom- 
itantly with systemic aminoglycoside antibiotics, care should be taken to monitor the total serum concentration. The reactions due to the 
steroid component are: elevation of intraocular pressure (IOP) with possible development of glaucoma, and infrequent optic nerve damage; 
posterior subcapsular cataract formation; and delayed wound healing 

Secondary Infection. The development of secondary infection has occurred after use of combinations containing steroids and antimicro- 
bials. Fungal infections of the cornea are particularly prone to develop coincidentally with long-term applications of steroids. The possibility 
of fungal invasion must be considered in any persistent corneal ulceration where steroid treatment has been used. Secondary bacterial ocu- 
lar infection following suppression of host responses also occurs 

DOSAGE AND ADMINISTRATION: Suspension: One or two drops instilled into the conjunctival sac(s) every four to six hours. During the 
initial 24 to 48 hours, the dosage may be increased to one or two drops every two (2) hours. Frequency should be decreased gradually as 
warranted by improvement in clinical signs. Care should be taken not to discontinue therapy prematurely. Ointment: Apply a small amount 
(approximately ' inch ribbon) into the conjunctival sac(s) up to three or four times daily 

TOBRADEX Ophthalmic Ointment may be used at bedtime in conjunction with TOBRADEX Ophthalmic Suspension used during the day. Not 
more than 20 mL or 8 g should be prescribed initially and the prescription should not be refilled without further evaluation as outlined in 
PRECAUTIONS above. 

HOW SUPPLIED: Sterile ophthalmic suspension in 2.5 mL (NDC 0065-0647-25) and 5 mL (NDC 0065-0647-05) DROP-TAINER® dispens- 
ers. Sterile ophthalmic ointment in 3.5 g ophthalmic tube (NDC 0065-0648-35) 

STORAGE: Store at 46° to 80°F (8° to 27°C) 

Store suspension upright and shake well before using 

CAUTION: Federal (USA) law prohibits dispensing without prescription 
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The answer toa 
time-consuming task 


Credentials Verification — It’s important to both 
physicians and those evaluating them. Now 
available in your area, the National Physician 
Credentials Verification Service, AMA/NCVS;" 
can make the process easier and better. 


Here's how 

For physicians: The AMA/NCVS sets up and 
maintains a permanent portfolio of verified 
information that can be used as the physician applies 
for licensure or privileges. The physician no longer 
needs to start from scratch each time an application 
is made. 


For hospitals/boards: The AMA/NCVS provides a 
summary report of core credentials that have been 
verified with primary sources. And for the core 
credentials it collects, the AMA/NCVS satisfies 
current standards defined in the Joint Commission 
Accreditation Manual for Hospitals for primary 
source verification. The credentials verifier no longer 
needs to reverify all information. 


The result 

It's called a win-win situation and, best of all, it's 
operated by the most experienced provider of 
physician information: the American Medical 
Association. . 


For information on the Service, contact your co- 
sponsoring Medical Society office or call the AMA 
at 1-800-677-NCVS. 


The AMA/NCVS — it means 
greater efficiency... quality assured. 





American Medical Association 


NCVS 


National 
Physician 
Credentials 
Verification 
Service™ 
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BLA trom the leader _ 
in retinal camera technology 


The Topcon TRC-50X is the latest generation of 
variable-angle retinal cameras that continues to 
reflect Topcon’s distinguished leadership in this 

—— product line... with all the outstanding 
—_ features you'd expect from the industry's 
standard-setter. Of prime importance 
is the TRC-50X's precision optics 
and brilliant dual-illumination 
system, which produce 
ultra-sharp images, whether 
using 35mm, Polaroid or 
video formats. 


The new Topcon TRC- 
50X retinal camera provides 
two major improvements 
over its most recent prede- 
cessor and industry’s top 
seller, the TRC-50VT. Its 

power supply is built into the base, 
making it more compact and easier 
to handle, and automatic filter 
insertion provides unmatched 
flexibility during fluorescein 
angiography. 

The TRC-50X retinal camera is 
part of acomplete line of affordable auto- 
mated instrument systems that Topcon 
offers today’s market-conscious practi- 
tioner. Ask your authorized Topcon distrib- 
utor for a convincing demonstration. 


THE TOPCON 


TRC-50X 
RETINAL CAMERA 


TIE EE FR om 


| Oe topcon 


BRINGING THE FUTURE INTO FOCUS 


Topcon Instrument Corporation of America, 65 West Century Road, Paramus, NJ 07652 (201) 261-9450 
Western Regional Office: 325 N. Wiget Lane, Walnut Creek, CA 94598 (415) 947-4800 © 1990 








Chinese Language Edition ead the 


Chicago, Ill. — Dorothy Feng Ming Li, MD, began reading 
the ARCHIVES more than half a century ago. Now, 50 years 
later, she is the editor of the Chinese language edition of En 
ARCHIVES. 

Dr Li recalls reading the ARCHIVES as a medical stadent at 
West China Union University. After her graduation from the 
university in Chengdu in 1941, Dr Li went on to postgraduate 
studies in ophthalmology at the University of London’s Oph- 
thalmology Institute. In 1985, while working as a visiting 
professor at the University of Illinois, Chicago, she met Mor- 
ton F. Goldberg, MD, editor of the ARCHIVES. 


See also the May 22/29 issue of JAMA. 


When the possibility of publishing a Chinese edition of the 


ARCHIVES was proposed by Mark Tso, MD, a professor of 
ophthalmology at the University of Illinois and president- 
elect of the Chinese American Ophthalmological Society, Dr 
Goldberg was very enthusiastic. With the support of the 
society, the American Medical Association (AMA), publisher 
of the ARCHIVES, and the Chinese Medical Association, the 
Chinese language edition of the Archives of Ophthalmology 
was launched in 1988. 

“Dr Li was chosen as editor because of her very forward, 
Westernized outlook,” Dr Tso said. Dr Li assumed the editor- 
ship, and the editorial office was established at the Bejing 
Medical University, the largest medical university in China. 
The AMA is responsible for printing the journal, and the 
Chinese Medical Association is responsible for translation and 
staffing. The Chinese American Ophthalmological Society 
also supports the office. 

The Chinese language edition of the ARCHIVES has a circu- 
lation of 8500 and is published quarterly. Each issue runs 
approximately 67 pages and contains an average of 20 articles 
per issue. It competes with nine other foreign ophthalmology 
journals in China and, in Dr Li’s judgment, the ARCHIVES is 
held “in very high esteem and readership is very high.” 

The ARCHIVES is circulated to Chinese Medical Association 
members, major hospitals, universities, colleges, and oph- 
thalmic institutes and clinics. Articles are selected by the 
17-member editorial board of the Chinese language edition 
and are generally 65% clinical science; 8% clinicopathologic 
reports; 12% laboratory science; 10% questions and answers, 
photo essays, and surgical techniques; and 5% soft science 
(ethics, news, reviews, and epidemiology and biostatistics). 

“The ARCHIVES illustrates new developments in ophthal- 
mology around the world and is of tremendous help in clinical 
practice,” Dr Li explains. “The basic research section pro- 
vides very informative approaches to basic studies and the 
other science sections are also very interesting. Ophthalmolo- 
gists obtain an idea of the level of ophthalmic development in 


Julie Foreman, MS, Section Editor 
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Dorothy Feng Ming Li, MD 


the United States, as well as all over the world, by reading the 
ARCHIVES." 

"The Chinese language edition, with 10 issues already pub- 
lished, has helped spread news and information, giving a lot of 
impact on clinical work since 1988," Dr Li said. “Basic re- 
searchers also benefit from it. The high-quality pictures and 
reasonable price make the journal more and more popular. 
Chinese ophthalmologists also recognize the deep friendship 
of American ophthalmologists and the AMA to China and are 
proud of the good cooperation between us when they read this 
journal.” 

Because of the cost of medical journals and the limited 
availability of foreign currency, medical journals in general 
and ophthalmic journals in particular are ordinarily available 
only in several big libraries of organizations and universities, 
such as the Chinese Medical Association in Bejing, Dr Li 
explains. “Thus, dissemination of new ophthalmic informa- 
tion is very slow in our country. China is still behind the West 
in its knowledge and practice of ophthalmology even though 
we have made considerable progress in the 1980s. The areas 
of molecular biology, biochemistry of lenses, embryology, 
tissue culture, and immunology are particular fields of ad- 
vancement. Clinically, intraocular lenses and lasers have 
been used for quite a few years. Some ophthalmic equipment, 
including surgical microscopes, fundus cameras, microsur- 
gery instruments, and pneumatic tonometers, is being manu- 
factured in China and is now available for use.” 

Dr Li said that plans for the future are to increase subscrip- 
tions to the ARCHIVES by small hospitals and practitioners, to 
establish a communication network between editors and 
readers with the intention of receiving criticism and reader 
feedback, and to find a better way of distribution. At present, 
ARCHIVES is distributed by volunteers at the university. If 
sent through the postal system, costs would be as high as 4096 
ofthe total income from the journal. 

JULIE FOREMAN, MS 
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Book Reviews 


Merritt’s Textbook of Neurology, 
8th ed, edited by Lewis P. Rowland, 964 
pp with illus, Philadelphia, Pa, Lea & Feb- 
iger, 1989, $67.50. 


H. Houston Merritt’s previous edi- 
tions, entitled A Textbook of Neurol- 
ogy, should be familiar to most oph- 
thalmologists. Merritt published his 
first edition in 1959, and by his death in 
1979 he had produced six editions. Al- 
though the seventh edition, entitled 
Merritt’s Textbook of Neurology, dif- 
fered from its predecessors in that it 
was written by several authors, the 
present edition, edited by Lewis P. 
Rowland, differs even more signifi- 
cantly, with a total of 74 authors con- 
tributing to the 164 chapters of this 
964-page book. 


"The new edition...should 
prove useful for those wishing to 
quickly review specific aspects of 
most diseases of the nervous 
system." 


Nonetheless, the editor has main- 
tained the continuity of the earlier 
editions with his concise approach to 
each subject in a well-organized for- 
mat. Although some of the subjects 
appear to be treated superficially, and 
the limited amount of space given to 
each author occasionally leads to long 
sentences with multiple semicolons, an 
impressive amount of information is 
contained within the book. 

Unlike previous editions, this edi- 
tion contains an introductory section 
on the symptoms of neurologic disor- 
ders. Within this section is a brief dis- 
cussion of impairment of vision by 
Myles Behrens. Unfortunately, the 
limited space allotted this important 
subject of neuro-ophthalmology leads 
to a less than adequate discussion of 
major entities. 

For example, pupillary abnormali- 
ties are given a single paragraph, with 
only two sentences on Horner's syn- 
drome. An attempt is made to discuss 
ocular motility, but its mention is all 
too brief. Perhaps some of the space 
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used in the discussion of cranial nerve 
injuries to describe eye movements 
later in the book might have been bet- 
ter served in the chapter on visual im- 
pairment. This would also remove 
some of the redundancy that does ap- 
pear in other parts of the text. 

Other chapters that might be of 
use to ophthalmologists include a 
chapter on headache, which is brief but 
to the point; a short but well-refer- 
enced chapter on acquired immunode- 
fieiency syndrome; and several chap- 
ters on cerebrovascular disease, in- 
cluding some very good chapters on 
stroke in children and young adults. 
The subject of pseudotumor cerebri is 
discussed in a chapter on brain edema, 
but, unfortunately, much of the infor- 
mation regarding optic nerve sheath 
decompression is somewhat out of 
date. 

Conversely, the section on brain tu- 
mors is excellent. Attempts to include 
magnetic resonance imaging through- 
out the book are adequate, but the 
illustrations in this section are quite 
good. Perhaps one of the best sections 
in the book is about the neurologic 
manifestations of systemic disease, 
something Merritt included in previ- 
ous editions that has been appropri- 
ately maintained by Rowland. 

Overall, the treatment of ocular 
manifestations of neurologic disease is 
dominated by the neurologic orienta- 
tions of its many authors. The only 
other chapter written by an ophthal- 
mologist is about Leber's optic neu- 
ropathy. The chapter on progressive 
external ophthalmoplegia is fairly 
good, but the ocular manifestations of 
myasthenia gravis are mentioned only 
in a passing manner. The chapter on 
internuclear ophthalmoplegia and pu- 
pillary dysfunction in multiple sclero- 
sis is not clear. 

Despite some deficiencies inherent 
in attempting to put together a concise 
text with many authors, the new 
edition of Merritt's Textbook of Neu- 
rology should prove useful for those 
wishing to quickly review specific as- 
pects of most diseases of the nervous 


system. It could serve ophthalmolo- 
gists well by giving them a reference 
that provides a strictly neurologic view 
of nervous system disorders and com- 
plements the more ophthalmic ap- 
proach provided by textbooks of neuro- 
ophthalmology. 

THOMAS R. HEDGEs III, MD 

Boston, Mass 


Sensory Systems |: Vision and Vi- 
sual Systems (readings from the Ency- 
clopedia of Neuroscience), selected and 
introduced by Richard Held, edited by 
George Adelman, 115 pp, Boston, Mass, 
Birkhauser, 1988, $24.50. 


This volume provides a broad review 
of vision neuroscience through 49 arti- 
cles contributed by experts in each 
field. Its scope is encyclopedic, ranging 
from "A" (“Amblyopia: Dullness of 
Vision" by T. Lawwill and "Attention, 
Selective Visual" by S. Ullman and C. 
Koch) to “V” (“Visual Transduction” 
by G. L. Fain and W. L. Hubbell and 
“Visual Vestibular Interaction” by V. 
Henn). Indeed, as this format implies, 
the articles were compiled from the 
Encyclopedia of Neuroscience. 


“'..a broad review of vision 


neuroscience...” 


The Encyclopedia was originally 
published in 1987 and Sensory Systems 
I came out in 1988. Therefore, recent 
research in vision science could not 
have been reviewed. However, for the 
most part, the articles are succinct, 
authoritative guides to the theoretical 
issues and empirical background of 
important areas in vision neuro- 
science. The ability of the authors to 
briefly “extract the essence” from an 
area (one to four pages), as noted by R. 
Held in his introduction to the volume, 
is the book’s strength, and attests to 
the authors’ depth of understanding of 
their fields. 

The breadth of material is illus- 
trated by the diversity of topics, in- 
cluding the anatomy and physiology of 
vertebrate and invertebrate visual 
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systems (“Retina, Vertebrate” by J. 
Dowling and “Visual System Develop- 
ment, Invertebrates” by E. R. Macagno 
and I. A. Meinertzhagen) as well as vi- 
sual processing (“Visual Adaptation, 
Dark, Light” by J. C. Armington and 
“Visual Learning, Pattern and Form 
Perception: Central Mechanisms” by 
H. C. Hughes and J. M. Sprague). The 
complex area of color vision is covered 
by two articles on theory (by N. W. 
Daw and E. H. Land), one on color de- 
ficiencies (by L. M. Hurvich), and one 
on cone photoreceptors (by T. Ohtsu- 
ka). 

The brevity of the articles and the 
few references may limit the audience 
for this book to students. This would be 
unfortunate because the science is rig- 
orously presented and the writing is in 
succinct Scientific American style. Re- 
searchers should find useful introduc- 
tions to the conceptual vocabulary of 
subspecialties remote from their own, 
including those of clinical relevance 
(eg, amblyopia, strabismus, color defi- 
clences,  electroretinography, and 
nystagmus), while ophthalmologists 
should discover useful review material 
and sources of new information in ba- 
sic vision science. 

D. LuIsA MAYER, PHD 
Boston, Mass 


Handbook of Refraction, 4th ed, by 
George E. Garcia, 244 pp, Boston, Mass, 
Little, Brown & Co, Inc, 1989, $26.50. 


This is the fourth edition of a well- 
known manual on refraction whose 
popularity is reflected by a printed life 
now extending over 30 years. The lat- 
est version was edited by George E. 
Garcia in collaboration with Albert E. 
Sloane and five other experts in the 
field. Following the current trend 
toward compactness, the new edition 
is shorter and smaller and designed to 
fit in the pocket. The authors have 
managed to write not only accurately, 
but clearly and to the point, suggest- 
ing that the book be taken out of the 
pocket and consulted frequently. 
About half of the 27 chapters are 
devoted to technique and the other half 
are devoted to management. Optics is 
kept to a concise 10 pages, no mean feat 
in itself. 





* ..a valuable introduction to 
refraction...” 


There are new chapters on refrac- 
tion following cataract surgery, multi- 


© focal lenses, automated refraction, and 


spectacle lenses. The chapter on auto- 
mated refraction by David Guyton 
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brings us up to date on the latest instru- 
ments available. Jack Holladay dis- 
cusses helpful hints performing refrac- 
tion in the pseudophakic patient. Walter 
E. Gager following Copeland’s footsteps, 
gives his usual clear exposition of streak 
retinoscopy. Abraham Pollen covers 
heterophorias and Joel Kraut discusses 
the low-vision examination. The re- 
maining chapters written by Garcia 
alone or with Sloane cover the essential 
principles of refraction. 

Some chapters, such as those on the 
cross cylinder and keratometer, might 
benefit from the addition of a few dia- 
grams. Also, a brief review of the 
refractive management of strabismus 
may be worthwhile in the next edition. 
I especially enjoyed the “pearls” 
learned from experience in chapter 24. 
In chapter 25, titled “Refraction 
Clinic,” the reader is given the oppor- 
tunity figuratively to watch two re- 
fraction experts proceed through ex- 
amination and treatment and ask 
questions (with answers provided) 
about why the problem was handled in 
a particular way. 

This is a valuable introduction to 
refraction, covering both the elements 
of technique and the principles of man- 
agement. The easily understood dis- 
cussions will appeal to embryo refrac- 
tionists, experienced clinicians, and 
those preparing for postgraduate ex- 
aminations. Finally, teachers of re- 
fraction will empathize with Dr Gar- 
cia’s gracious introduction. 

DaviD D. MICHAELS, MD 
Los Angeles, Calif 


External Disease and Cornea: A 
Slide-Script Program (revised and up- 
dated), by the American Academy of 
Ophthalmology, 36-page script, 52 
slides, San Francisco, Calif, 1988, $70 
for Academy members, $90 for nonmem- 
bers. 


External Disease and Cornea has 
been revised and updated by the Amer- 
ican Academy of Ophthalmology from 
its excellent 1981 version. The new 
program is even better. 


“The new program is even 
better." 


The slide-script program is intended 
to supplement section 7 of the acade- 
my's Basic and Clinical Science Course 
dealing with external disease and cor- 
nea. The program consists of fifty-two 
35-mm slides, each of excellent quality, 
representing common or clinically im- 
portant conditions. The slides include 
graphics and composites demonstrat- 
ing several key features of one condi- 
tion on the same slide. Many of the 
slides are from the first edition. 


The major improvement in the pro- 
gram is the accompanying guide in 
which a black-and-white photograph 
of each slide is printed above the de- 
scriptive text. This feature makes the 
program extremely “user friendly" 
when scanning the slides for pattern 
recognition or teaching. The slide pro- 
gram is organized in an anatomic fash- 
ion moving from lid and adnexa to 
conjunctiva, tear film, sclera, and cor- 
nea. The text accompanying each slide 
is concise, yet comprehensive and up to 
date. For example, the discussion of 
xerophthalmia mentions  Stevens- 
Johnson syndrome, vitamin A defi- 
ciency, drug-induced scarring, and oc- 
ular cicatricial pemphigoid. Dapsone 
and immunosuppressive agents are 
listed among the treatment modalities 
for pemphigoid. Corneal ulcers are 
well represented with a description of 
the clinical course as well as bacterio- 
logic characteristics. 

The text reflects reality: acan- 
thamoeba shares only half a slide with 
atypical mycobacterial keratitis. The 
text mentions scraping for acid-fast 
stains and plating on  Lówen- 
stein-Jensen agar when there is suspi- 
cion of mycobacterium, and the use of 
calcofluor white and lawns of Escher- 
ichia coli on nonnutrient agar when 
trying to identify acanthamoeba. 

The slide-script program is an in- 
valuable teaching aid, both for per- 
sonal use and review and for teaching. 
A slim, neat, three-ring binder holds 
the text booklet and three sheets of 
slides. It is easily stored or carried 
without the bulk and weight of a bound 
atlas of comparable quality. The slides 
are extremely versatile and can be 
used to teach at any level, from lay 
groups to ophthalmic subspecialists. I 
highly recommend External Disease 
and Cornea. It is an example of com- 
mittee work at its best in the field of 
ophthalmic education. 

ANN M. BAJART, MD 
Boston, Mass 


A Manual of Systematic Eyelid Sur- 
gery, 2nd ed, by J. R. O. Collin, 166 pp 
with illus, New York, NY, Churchill Living- 
stone Inc, 1989, $39.95. 


The first edition of this slim paper- 
back appeared in 1983. Although the 
author states that the main change in 
the second edition is the addition of a 
chapter on lacrimal surgery by R. A. N. 
Welham, in fact, most chapters have 
been modified, and the discussion of 
trauma and cosmetic surgery has been 
expanded substantially. The first edi- 
tion consisted of 134 pages with eight 
chapters and 92 illustrations. The sec- 
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ond edition has 166 pages with 10 
chapters and 119 illustrations. 

After an introductory review of per- 
tinent anatomy, subsequent chapters 
deal with major topics, such as entro- 
pion and trichiasis, ectropion, ptosis, 
and socket surgery. Collin's approach 
to each problem is based on his exten- 
sive experience as director of the Lid 
Clinies at Moorfields Eye Hospital in 
London, England. Most chapters con- 
tain one or more flow charts summa- 
rizing Collin's "system" for a particu- 
lar problem. The flow charts lead the 





"The great advantage . . . is its 


brevity and clarity." 


reader through a logical analysis of the 
problem to an appropriate operation. 
The procedures are described con- 
cisely but with enough practical detail 
to be useful as one plans for a case. The 
black-and-white line drawings com- 
plement the text and are functional 
and precise. Mr Welham's new chapter 
on lacrimal surgery is well written and 
clear. This chapter and the chapters on 
eyelid injuries and cosmetic surgery 
lack a summary flow diagram or 
"system" but are nontheless succinct. 
Perhaps the third edition will include 
a "system" in these sections. 
Lengthier, heavier, and more expen- 
sive texts on lid and lacrimal surgery 
are found in every library. The great 
advantage of Collin's Manual is its 
brevity and clarity. It is not encyclo- 
pedic, but residents and practitioners 
will find answers to most problems 
here; each chapter contains references 
for further reading. The second edition 
is a definiteimprovement on the first in 
all ways but one. The cover of the sec- 
ond edition is flimsier than the first, 
and it is less likely to withstand the 
frequent use it is going to get until the 
third edition goes to press. 
JOHN C. MERRIAM, MD 
New York, NY 


Progress in Retinal Research, vol 9, 
by Neville Osborne and Gerald Chader, 
482 pp with illus, Elmsford, NY, Perga- 
mon Press Inc, 1990, annual subscription 
rate for 1990 is $110 (the subscription 
rate for volume 10 will increase to $170 
due to an increase in the number of 
pages). 


Volume 9 in the Progress in Retinal 
Research series represents a broad 
sampling of review articles aimed pri- 
marily at those with basic research in- 
terests. The topics covered in the 12 
chapters range from population genet- 
ies to retinal transplantation. Several 
of the articles are related to three gen- 
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eral subject areas that are recurrent 
themes within this series: inner retinal 
neurons, retinal circuitry, and retinal 
metabolism. Material dealing with 
neurons of the inner retina is grouped 
into three chapters according to either 
cell type (“The Mosaic of Amacrine 
Cells in the Mammalian Retina" by 
D. I. Vaney) or neurotransmitter type 
("Cell Types Using Glutamate as a 
Neurotransmitter in the Vertebrate 
Retina" by S. C. Massey and “The 
Dopamine System of the Teleost Fish 
Retina" by Negishi et al). 


* ..almed primarily at those 
with basic research interests." 





Retinal circuitry is discussed in the 
context of the "Photoreceptor Output 
Synapse" (by D. Atwell) and in rela- 
tion to potential retinal correlates of 
the magnocellular and parvocellular 
pathways ("New Views of Primate 
Retinal Function" by Kaplan et al). 
Three aspects of retinal metabolism 
are also discussed, including inositol 
phospholipids, gangliosides, and chro- 
mophore regenerating/processing en- 
zymes (“Agonist-Stimulated Inositol 
Phospholipid Hydrolysis in the Mam- 
malian Retina” by N. N. Osborne and 
H. Ghazi; “Functional Aspects of Ret- 
inal Ganglion Cell Gangliosides” by 
B. L. Caputto; and “Enzymes and Pro- 
teins of the Mammalian Visual Cycle” 
by J. C. Saari). 

The level of detail and seope of each 
article is highly variable, ranging from 
brief and accessible to the nonspecial- 
ist (Massey’s article) to dense and 
highly technical (Vaney’s article). 
Some of these articles, such as the one 
by B. L. Caputto on gangliosides in 
retinal ganglion cells, are essentially 
short summaries of current research. 
Other chapters, such as those by Neg- 
ishi et al on dopamine cells of the ret- 
ina and E. Zrenner on the pattern 
electroretinogram, establish thorough 
historical perspectives of the field with 
a clear description of the outstanding 
unanswered questions in these areas. 

Most of the chapters in this volume 
are of the “accessible to the non- 
specialist” variety. A few of the chap- 
ters, particularly those reviewing the 
pattern electroretinogram and retinal 
transplantation, are relevant to those 
with an interest in clinical applica- 
tions. In this context, M. del Cerro’s 
review of retinal transplantation rep- 
resents a well-balanced perspective on 
basic research in this field and empha- 
sizes that, based on progress to date, 
the prospect of clinically relevant ret- 
inal transplantation is far in the fu- 
ture. This viewpoint is admirable in a 





field that has been prone to overstate- 
ment, particularly in the lay press. 
Since the origin of this series, em- 
phasis has shifted away from photore- 
ceptors and phototransduction. In this 
volume, only one chapter, “Ontogeny 
of Retinal Pigment Epithelium-Photo- 
receptor Complex and Development of 
Rhythmic Metabolism Under Ambient 
Light Conditions” by Y. Kunz, is de- 
voted primarily to photoreceptors, 
with the discussion centered on mem- 
brane renewal and retinomotor move- 
ments of teleost fish retinas. In con- 
trast, new subject areas are being ex- 
plored, particularly in reviews related 
to the recent advances in molecular 
genetics, such as A. F. Wright’s “To- 
wards the Identification of Genes in 
X-Linked Retinitis Pigmentosa.” This 
admirable series of reviews continues 
to treat selected topics in retinal re- 
search with both depth and accessibil- 
ity. 
DonoTHY Roor, PHD 
Boston, Mass 


Developments in Ophthalmology, 
vol 16, Proliferative Vitreoretinopathy, 
Genetics of Glaucoma, edited by W. 
Straub, 118 pp with illus, New York, NY, 
S Karger AG, 1989, $76. 


Volume 16 of Developments in Oph- 
thalmology presents three studies. The 
first two contain new information on 
the pathogenesis of proliferative vit- 
reoretinopathy. The last discusses the 
epidemiology of primary congenital 
glaucoma. 
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. new information on the 
pathogenesis of proliferative vit- 
reoretinopathy...[and] one step 
closer to an understanding of ... 
‘primary congenital glaucoma.’ ” 





The first study begins with a defini- 
tion of the problem of proliferative 
vitreoretinopathy. It summarizes our 
present solutions, which are primarily 
surgical. This study carefully docu- 
ments our present level of understand- 
ing concerning the key elements of 
proliferative vitreoretinopathy, spe- 
cifically, the cell types and known mod- 
ulators of these cells. An analogy is 
developed between the normal wound- 
healing process and the process of 
proliferative vitreoretinopathy. The 
author then focuses on factors that in- 
fluence the proliferation and migra- 
tion of retinal pigment epithelial cells, 
including human vitreous and mac- 
rophage products. 

The second study is concerned with 
an immunochemical analysis of per- 
iretinal membranes. An extensive de- 
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scription of the methods of immuno- 
chemical analysis is given and a dis- 
cussion of a broad range of antigens 
tested ensues. Pitfalls of these tech- 
niques are also discussed. 

These two studies on proliferative 
vitreoretinopathy provide detailed in- 
formation on the building blocks of a 
complete understanding of this topic. 
Both studies are referenced exten- 
sively. This information would be in- 
valuable to any ophthalmologist inter- 
ested in the current basic science find- 
ings within the realm of proliferative 
vitreoretinopathy. 

In the third study, "Epidemiology 
and Geneties of Primary Congenital 
Glaucoma in Slovakia," Andrej Gencik 
reports on an extensive investigation 
of all reported cases of primary con- 
genital glaucoma in Slovakia, Czecho- 
slovakia, since 1950. The chapter be- 
gins with a review of the terminology 
in this field, which has occasionally 
been marred by confusion and impre- 
cision in the past. 

Gencik immediately and explicitly 
establishes a working definition of pri- 
mary congenital glaucoma as a specific 
form of glaucoma in eyes having an 
isolated maldevelopment of the trabe- 
cular meshwork not associated with 
other developmental ocular disorders 
or with systemic disorders with ocular 
manifestations. The diagnosis and ge- 
netics of this disorder are then re- 
viewed succinctly, but with ample ref- 
erences. 

The methods used appear to be 
flawed by the nature of data collection, 
and the discussions of statistical 
anaylsis are somewhat abstruse for 
the reader who lacks special training 
in epidemiology. Nevertheless, the 
third study provides fascinating data 
on the differences between Gypsy and 
non-Gypsy subgroups in the popula- 
tion studied in a number of parame- 
ters. These parameters include preva- 
lence, incidence, sex ratio, unilateral 
or bilateral occurrence, familial vs 
sporadic occurrence, and severity of 
primary congenital glaucoma. 

In the narrowest sense, of course, it 
might be argued that the specific de- 
tails presented in the third study are 
of limited value to the international 
ophthalmic community. In the larger 
perspective, however, it becomes clear 
that this study is to be commended not 
only for its intrinsic heuristic value, 
but also because it leads so ineluctably 
to the author’s conclusion that “pri- 
mary congenital glaucoma is a heter- 
ogenous group of diseases with differ- 
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ing etiopathogeneses.” Gencik suc- 
ceeds in bringing those interested in 
glaucoma and pediatrics one step 
closer to an understanding of what 
is known as “primary congenital 
glaucoma.” 

DAVID S. GENDELMAN, MD 

MICHAEL A. CHANG, MD 

Boston, Mass 


Leaders in Ophthalmology in the 
Asia-Pacific, (vol 1), 280 pp, Major Eye 
Centers of the World, (vol 2), 189 pp, 
World’s Major Blinding Conditions, 
2nd ed, (vol 3) 303 pp, edited by Lim 
Kuang Hui and Arthur Lim Siew Ming, 
published by the 26th International Con- 
gress of Ophthalmology (c/o Dept of 
Ophthalmology, National University Hos- 
pital, Lower Kent Ridge Rd, Singapore 
0511), 1990, complete set with case, $45 
plus $12 postage. 


Fifty-eight percent of the world’s 
blind live in Asia. More than half of 
these cases are due to treatable cata- 
racts and most of the rest are due to 
preventable diseases, yet less than 2% 
of the population have access to mod- 
ern eye care. With these figures in 
mind, it was appropriate that the 
theme of the well-organized and well- 
attended 26th International Congress 
of Ophthalmology was “Prevention of 
Blindness.” The publication of these 
three volumes coincided with that 
event. 


“...the general reader who is 
unfamiliar with Asian and third- 
world ophthalmology will find 
many selections interesting and 
enlightening.” 


These slim books are glossy and col- 
orful. The World’s Major Blinding 
Conditions (volume 3) will most inter- 
est the general reader. No biblio- 
graphic citations are given, and no sci- 
entific reports are included. This work 
is a history and celebration of the 
myriad institutions, especially the “In- 
ternational Association for the Pre- 
vention of Blindness,” involved in phil- 
anthropic third-world ophthalmology. 
Contributions by many authors result 
in a considerable overlap of material. 
However, a wealth of diverse opinions 
regarding regional practices is prof- 
fered. Contrast, for instance, the de- 
bate over the best vehicle to provide 
cataract surgery to a third-world 
country. Rubiul Husain, MD, of Bang- 
ladesh favors the use of the eye camp, 
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while Norval E. Christy, MD, in Paki- 
stan has found it preferable to use 
existing hospital facilities. In China, 
Jin-Qin Yuan, MD, proposes, as an in- 
termediate solution, a central, special- 
ized, base hospital that would super- 
vise small-town surgery. 

Technological advances coupled 
with public health measures are given 
credit for the promise they hold in 
controlling onchocerciasis, keratomal- 
acia from vitamin A deficiency, and 
trachoma. However, the problems of 
transferring modern practices to im- 
poverished rural situations are also 
discussed. For instance, intracapsular 
surgery is fraught with a complication 
rate of 17%, and provision of extra- 
capsular surgery with implants, which 
is considerably more expensive and 
technically exacting, may be consid- 
ered unethical by Western standards 
in light of the limited ability to con- 
duct follow-up. Similarly, problems of 
cost and compliance indicate that the 
management of glaucoma in a third- 
world setting may be more efficiently 
treated by early trabeculectomy 
rather than by resorting to multiple 
drug regimens. 

Stark contrasts in ophthalmological 
problems and resources among Asian 
countries reflect their differing econo- 
mies; from Japan, which possesses one 
of the strongest economies in the 
world, to Bangladesh, which has one of 
the weakest. 

With chapters written by more than 
35 authors, Leaders in Ophthalmology 
in the Asia-Pacific (volume 1) provides 
a country-by-country précis of the his- 
tory of ophthalmology that includes 
epidemiological data and current 
problems, as well as information on 
therapeutic and educational programs 
and institutions that address these 
problems. The second volume, Major 
Eye Centers of the World, is a pictorial 
account of 22 institutions on four con- 
tinents. The narrative for each insti- 
tution has been written by one of the 
institution's leading ophthalmolo- 
gists. The volume represents a com- 
pendium of selected institutions and, 
as the editor admits, does not encom- 
pass all of the “major” eye hospitals. 

These volumes are not designed to be 
read cover to cover, and the quality of 
the narrative is mixed. However, the 
general reader who is unfamiliar with 
Asian and third-world ophthalmology 
will find many selections interesting 
and enlightening. 

ODED HAUPTMAN, MBBS, FRACO 
Boston, Mass 
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Questions and Answers 
Edited by Stewart MacKay Wolff, MD 


The rapid and complex advances in ophthalmic science make it difficult to keep up with the many changes 
that are occurring in our specialty. The ARCHIVES solicits your questions and requests that they be clearly 
stated and reasonably focused. We cannot expect our consultants to respond to questions that are too wide 
ranging and not clearly defined. Please limit your questions to five or six double-spaced lines and follow the 
guidelines put forth in our “Instructions for Authors” (see Table of Contents for issue information). A signed 
copyright transmittal letter to the AMA should accompany ali submissions. We have asked our referees to 
limit their answers to 35 lines. Questions should be sent to Stewart M. Wolff, MD, 11 E Chase St, Baltimore, 
MD 21202. We will do our best to provide answers to all appropriate questions. 


The Excimer Laser and Myopia: What Is the Story? 


We hear quite a bit about the excimer laser and how it will 

be used on hundreds of thousands of patients for the 
correction of myopia. What is its current status, and do early 
results indicate predictable and stable results?, 


A Excimer laser photorefractive keratectomy and pho- 

totherapeutie keratectomy are being investigated at 
approximately 30 sites around the United States under the 
auspices of the Food and Drug Administration (FDA). This 
agency has proposed guidelines for patient selection, exami- 
nation, and follow-up and has determined the total number of 
patients to be treated. As of early 1991, approximately 250 
eyes have been treated in the early phases of the study. To 
date, the short-term follow-up data of less than 1 year on eyes 
with simple myopia of less than 6 diopters has shown that the 
cornea is reasonably stable after 3 months, and that the 
results are reasonably predictable and safe, but a much larger 
number of eyes with a longer follow-up is necessary to draw 
rational conclusions about the procedure. 

The next phase will commence in the spring of 1991 and will 
allow the three US ophthalmic excimer laser manufacturers 
(Summit Technology, Watertown, Mass; VISX; and Taunton 
[VISX and Taunton are now merged as VISX in Sunnyvale, 
Calif]) to treat approximately 700 patients each or approxi- 
mately 2100 eyes in total. A 2-year follow-up is required by 
the FDA, although partial results can be submitted earlier. 
The general sale of excimer lasers will only be approved if the 
lasers can treat myopia with an accurately predictable out- 
come and the absence of persistent opacification of the cornea 
and with overall stability of refraction. 

The high profile that this technology has received in the 
press is a reflection of the billion-dollar market that a totally 
successful excimer laser technology would garner. However, 
the same "hype" headlines and steamroller press reports 
catapulted radial keratotomy to the headlines in the early 
1980s, and today only approximately 1046 of ophthalmologists 
perform radial keratotomy. 

Thus, ophthalmologists should be cautious in evaluating 
and purchasing this technology. 

GEORGE O. WARING, MD 
Atlanta, Ga 


The author has no proprietary interest in any ofthe products discussed in this 
answer. 
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Pilocarpine Concentrations 


Q Are there any advantages to using concentrations of pilo- 
carpine greater than 4% in the treatment of glaucoma? 


Pilocarpine is a direct-acting cholinergic used prima- 
A rily to treat primary open angle glaucoma, acute angle 
closure glaucoma, and many secondary glaucomas. It is an 
alkaloid with biphasic solubility characteristics, making it 
readily available for corneal penetration. It most likely 
works by directly stimulating the longitudinal muscle of the 
ciliary body, causing the trabecular spaces to widen, thus 
enhancing outflow. It also causes miosis, accommodative 
spasm, and, in most cases, slight shallowing of the anterior 
chamber. The association of miotics and retinal detachment 
is controversial, but we have seen many cases of retinal 
detachment occurring just after initiation of miotic ther- 
apy. 

Although pilocarpine comes in commercial concentra- 
tions of up to 10%, we believe that the use of concentrations 
greater than 4% increases toxicity without the benefit of 
improved therapeutic value. At 495, all receptors are 
saturated. Brow ache, salivation, nausea, diarrhea, bron- 
chospasm, and frank pulmonary edema are possible sys- 
temic effects. 

The weakest concentration of pilocarpine should be tried 
first, then gradually increased. It is thought that higher 
concertrations of pilocarpine are needed in darker pig- 
mented eyes. High myopes should be evaluated, if possible, 
for treatment of retinal disease before initiation of miotic 
therapy. 

If 4% pilocarpine, used four times a day, does not suffi- 
ciently bring the pressure down, then other therapeutic 
modalities must be tried. Occasionally, frequent instilla- 
tion, every 2 or 3 hours, has been helpful as temporizing 
therapy. 

RICHARD J. SIMMONS, MD 
LINDA J. GREFF, MD 
Boston, Mass 


1. Harris LS. Dose response analysis of pilocarpine-induced ocular hy- 
potensicn. Arch Ophthalmol. 1970;84:605. 
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News and Comment 


New Officers Elected. —The St Lou- 
is (Mo) Ophthalmological Society elect- 
ed the following new officers for 1991- 
1992 at its Annual Membership Meeting 
held on April 25, 1991: Robert D. Lew- 
is, MD, president; Allen F. Tess, MD, 
vice president; and R. Joseph OIk, MD, 
secretary-treasurer. 


New Officers Announced.—The 
New York Society for Clinical Ophthal- 
mology announced its officers for 1991- 
1992 as follows: Robert Ritch, MD, 
president; Frederick M. Wang, MD, 
chairman, program committee; Stanley 
Chang, MD, chairman, membership 
committee; Thomas O. Muldoon, MD, 
treasurer; Dorothy N. Friedberg, MD, 
correspondence secretary; Kevin C. 
Greenidge, MD, historian; and Ronald 
M. Burde, MD, recording secretary. 


James P. Gills, MD, Honored as 
1990 Amateur Athlete of the Year. — 
James P. Gills, MD, of St Luke’s Cata- 
ract and Laser Institute, Tarpon 
Springs, Fla, was honored on June 14, 
1991, in Phoenix, Ariz, as the 1990 Ama- 
teur Athlete of the Year. The award 
was presented by William Taaffee, one 
of the senior editors of Sports 
Illustrated. 


Dorothy C. Scott, MD, Honored by 
Pennsylvania Academy of Ophthal- 
mology.—The Pennsylvania Academy 
of Ophthalmology presented its Distin- 
guished Service Award for 1991 to 
Dorothy C. Scott, MD, of Pittsburgh, at 
the Academy’s annual convention and 
scientific meeting held in Philadelphia. 
Dr Scott is the first woman to be hon- 
ored by the State Academy. She was 
also the first female resident at the Uni- 
versity of Pittsburgh Eye and Ear Hos- 
pital, and the first woman to become 
president of the medical staff at St 
Francis Hospital, the Pittsburgh Oph- 


. thalmology Society, the Ophthalmology 


Council of the Pennsylvania Academy of 
Ophthalmology and Otolaryngology, 
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Dorothy C. Scott, MD 


and the combined Pennsylvania Acade- 
my of Ophthalmology. 


Peter A. Campochiaro, MD, and 
Terrence P. O’Brien, MD, Appointed 
to Faculty of the Wilmer Ophthalmo- 
logical Institute.—Peter A. Campo- 
chiaro, MD, and Terrence P. O’Brien, 
MD, have been appointed professor and 
assistant professor, respectively, in the 
Department of Ophthalmology at the 
Wilmer Institute at The Johns Hopkins 
Medical Institutions in Baltimore, Md. 
Before joining the Wilmer Institute, Dr 
Campochiaro was professor of ophthal- 
mology and director of resident training 
at the University of Virginia School of 
Medicine in Charlottesville. He com- 
pleted fellowships in neuro-ophthalmol- 
ogy and vitreoretinal surgery and reti- 
nal cell biology at the Wilmer Institute 
and did his residency at the University 
of Virginia Medical School. Dr Campo- 
chiaro will join the Vitreoretinal Surgi- 
cal Service and the Retinal Vascular 
Center. Before his faculty appointment, 
Dr O’Brien was the assistant chief of 
service and the chief resident at the Wil- 
mer Institute. He did his fellowship in 





Peter A. Campochiaro, MD 





Terrence P. O’Brien, MD 


corneal and external diseases of the eye 
at the Cullen Eye Institute in Houston, 
Tex, and his residency at the Wilmer 
Institute. Dr O’Brien will initiate a lab- 
oratory and consultation practice in mi- 
crobiologic and infectious diseases. 
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Obituary 


Charles Wilbur Rucker, 1900-1991 


Charles Wilbur Rucker, MD, Pro- 
fessor Emeritus of Ophthalmology at 
the Mayo Clinic, died on March 14, 1991, 
in Rochester, Minn, at age 91 years. He 
left behind a legacy of excellence in clini- 
cal practice, teaching, and research. 

Wilbur Rucker was born in Goodhue, 
Minn, on January 30, 1900. He lived, 
was educated, and contributed to his 
chosen field as a resident of his home 
state. He earned his bachelor’s and 
medical degrees from the University of 
Minnesota in 1923 and 1926, respective- 
ly. His residency at the Mayo Founda- 
tion, Rochester, Minn, from April 1, 
1926, to June 30, 1929, included rota- 
tions in ophthalmology, experimental 
surgery, otolaryngology, and rhinol- 
ogy, and a 6-month program at the Uni- 
versity of Minnesota Medical School 
that earned him the special degree of 
Master of Sciences in Ophthalmology. 
On the last day of his residency, he mar- 
ried his lifelong companion, Mabel 
(*Mibs") Holaday. 

Dr Rucker subsequently entered pri- 
vate practice in Minneapolis while serv- 
ing as Instructor in Ophthalmology at 
the University of Minnesota Medical 
School and Ophthalmologist for the Stu- 
dent Health Service. Eight years later, 
in March 1937, he was appointed to the 
consulting staff of the Mayo Clinic. In 
October 1949, he succeeded Walter L. 
Benedict, MD, as chairman of the De- 
partment of Ophthalmology, a post he 


Obituaries 


ADELMAN, Benjamin Barnett, 58, 
Bal Harbour, Fla; University of Penn- 
sylvania School of Medicine, 1925; certi- 
fied by the American Board of Ophthal- 
mology; died November 26, 1990. 
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Charles Wilbur Rucker, MD 


held until October 1961, when he was 
succeeded by John W. Henderson, MD. 
Dr Rucker continued practicing at the 
Mayo Clinic for 6 more years until his 
retirement in 1967 at age 67 years. 
Wilbur Rucker distinguished himself 
as a medical practitioner, administrator, 
teacher, and clinical investigator. As a 
practitioner, he specialized in neuro-oph- 
thalmology and medical ophthalmology, 
and jokingly claimed to have never had a 
surgical complication. Dr Rucker concen- 
trated his keen clinical skills on the study 
of large numbers of patients whose neu- 
rologic disorders involved the visual sys- 
tem. He catalogued these observations 


BERGER, Louis, 84, Chicago, Ill; Uni- 
versity of Illinois College of Medicine, 
1932; residency, University of Illinois 
Hospital, 1938; certified by the Ameri- 
can Board of Ophthalmology; died De- 
cember 27, 1990. 


carefully, and documented them in a 
number of publications dealing with ocu- 
lar involvement in demyelinating dis- 
eases, oculomotor disorders, and pitu- 
itary tumors. 

He had an extremely pragmatic ap- 
proach to patient care and trained his 
residents in making reliable diagnoses 
based on simple observations. He es- 
chewed the “high-tech” approach to di- 
agnosis, preferring to rely on his own 
mental and observational powers, an 
art he refined and readily taught others. 

During his career, Dr Rucker was a 
member of many societies, including the 
American Ophthalmological Society, of 
which he served as president. An avid 
student of the history of ophthalmology, 
he pursued this avocation with even 
greater vigor during the 24 years of his 
retirement. He enjoyed robust health 
and was able to care for his ailing wife 
Mibs until her death in October 1990. 
His memory, reason, and wit remained 
completely intact until he was overcome 
by a terminal cancer. 

Charles Wilbur Rucker's life spanned 
a century of new developments and 
changing practices in ophthalmology. 
However, the principles for which he 
stood and the style of patient care that 
he espoused are as relevant now as 
when he began his practice 60 years ago. 
Ophthalmology has lost one of its great 
statesmen. 

RICHARD F. BRUBAKER, MD 
Rochester, Minn 


CUNNINGHAM, John Thomas, 61, 
Murfreesboro, Tenn; University of Ten- 
nessee, Memphis, College of Medicine, 
1963; residency, Erlanger Medical Cen- . 
ter, 1967; died February 1, 1991. 
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' diagnostic mydriasis induced by - 
phenylephrine and tropicamide 


Significantly reduces the time your patients 
must wait for restoration of premydriatic 
pupillary diameter | 
= Many patients return to premydriatic pupillary 
diameter after just 30 minutes! 





Rapidly 
reverses the 
effects of — 

phenylephrine 
and tropicamide" 





- — Increases patient convenience 

| = Reduces blurry vision and glare while partially increasing 
accommodative amplitude. Patients may experience difficulty in dark adaptation; 
exercise caution while driving and in poor illumination. 


Dosa 


ge 
2 drops into each eye followed 5 minutes later by 2 additional drops in each eye. 
4 Dapiprazole should not be used in the same patient more frequently than once per week. 
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- Dapprazole HO sas sso e 


THE NEW CONCLUSION 
TO AN OCULAR EXAMINATION " 


References: 

1. Allinson RW, Gerber DS, Bieber S, Hodes BL. 
Reversal of mydriasis by dapiprazole. Ann 
Ophthalmol. 1990;22:131-138. 

2. Data on file, Storz Ophthalmics, St. Louis, Mo. 





REV-EYES " 

(reev-eyes) 

dapiprazole hydrochloride 
Ophthalmic Eyedrops, 0.5%—Sterile 


DESCRIPTION 

For ophthalmic use only. 

REV-EYES is an alpha-adrenergic blocking agent. 

Dapiprazole hydrochloride is 5,6,7,8-tetrahydro-3-[2-(4-o.tolyl- 
1-piperazinyl)ethyl]-s-triazolo[4,3-a] pyridine hydrochloride. 
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Dapiprazole hydrochloride has the empirical formula CisH2;Ns HCI 
and a molecular weight of 361.93. 

Dapiprazole hydrochloride is a sterile, white, lyophilized powder solu- 
ble in water. 

REV-EYES Eyedrops is a clear, colorless, slightly viscous solution for 
topical application. Each mL (when reconstituted as directed) contains 
5 mg of dapiprazole hydrochloride as the active ingredient. 

The reconstituted solution has a pH of approximately 6.6 and an 
osmolarity of approximately 415 mOsm. 

The inactive ingredients include: Mannitol (2%), Sodium Chloride, 
Hydroxypropyl Methylcellulose (0.4%), Edetate Sodium (0.01%), 
Sodium Phosphate Dibasic, Sodium Phosphate Monobasic, Water for 
Injection, and Benzalkonium Chloride (0.01%) as a preservative. 

REV-EYES Eyedrops, 0.5% is supplied in a kit consisting of one vial of 
dapiprazole hydrochloride (25 mg), one vial of diluent (5 mL) and one 
dropper for dispensing. 


CLINICAL PHARMACOLOGY 

Dapiprazole acts through blocking the alpha-adrenergic receptors in 
smooth muscle. Dapiprazole produces miosis through an effect on the 
dilator muscle of the iris. 

Dapiprazole does not have any significant activity on ciliary muscle 
contraction and therefore does not induce a significant change in the 
anterior chamber depth or the thickness of the lens. 

Dapiprazole has demonstrated safe and rapid reversal of mydriasis 
produced by phenylephrine and to a lesser degree tropicamide. In 
patients with decreased accommodative amplitude due to treatment 
with tropicamide the miotic effect of dapiprazole may partially increase 
the accommodative amplitude. 

Eye color affects the rate of pupillary constriction. In individuals with 
brown irides, the rate of pupillary constriction may be slightly slower 
than in individuals with blue or green irides. Eye color does not appear 
to affect the final pupil size. 

Dapiprazole does not significantly alter intraocular pressure in 
normotensive or in eyes with elevated intraocular pressure. 


INDICATIONS AND USAGE 

Dapiprazole is indicated in the treatment of iatrogenically induced 
mydriasis produced by adrenergic (phenylephrine) or parasympa- 
tholytic (tropicamide) agents. Dapiprazole is not indicated for the reduc- 
tion of intraocular pressure or in the treatment of open angle glaucoma. 


CONTRAINDICATIONS 
Miotics are contraindicated where constriction is undesirable; such 


as acute iritis, and in those subjects showing hypersensitivity to any 
component of this preparation. 


WARNING 

For Topical Ophthalmic Use Only. NOT FOR INJECTION. Do not 
touch the dropper up to lids or any surface, as this may contaminate the 
solution. Dapiprazole should not be used in the same patient more 
frequently than once a week. 


PRECAUTIONS 
Information to patients: Miosis may cause difficulty in dark adapta- 
tion and may reduce the field of vision. Patients should exercise caution 
when involved in night driving or other activities in poor illumination. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Dapiprazole 
has been shown to significantly increase the incidence of liver tumors 
in rats after continuous dietary administration for 104 weeks. This 
effect was found only in male rats treated with the highest dose admin- 
istered in the study, i.e., 300 mg/kg/day, (80,000 times the human 
dose) and was not observed in male and female rats at doses of 30 and 
100 mg/kg/day and female rats at doses of 300 mg/kg/day. 

Negative results have been reported on the mutagenicity and impair- 
ment of fertility studies with dapiprazole. 
Pregnancy: Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to 128,000 (rat) and 27,000 
(rabbit) times the human ophthalmic dose and revealed no evidence of 
impaired fertility or harm to the fetus due to dapiprazole. There are, 
however, no adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if 
clearly needed. 
Nursing mothers: It is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk, caution 
should be exercised when dapiprazole is administered to a nursing 
woman. 
Pediatric use: Safety and effectiveness in children has not been 
established. 


ADVERSE REACTIONS 

In controlled studies the most frequent reaction to dapiprazole was 
conjunctival injection lasting 20 minutes in over 80% of patients. Burn- 
ing on instillation of dapiprazole was reported in approximately half of 
all patients. Reactions occurring in 10% to 40% of patients included 
ptosis, lid erythema, lid edema, chemosis, itching, punctate keratitis, 
corneal edema, browache, photophobia and headaches. Other reac- 
tions reported less frequently included dryness of eyes, tearing and 
blurring of vision. 


DOSAGE AND ADMINISTRATION 
Two drops followed 5 minutes later by an additional 2 drops applied 
topically to the conjunctiva of each eye should be administered after 
the ophthalmic examination to reverse the diagnostic mydriasis. 
Dapiprazole should not be used in the same patient more frequently 
than once per week. 
Directions for Preparing Eyedrops: 
1. Use aseptic technique. 
2. Tear off aluminum seals, remove and discard rubber plugs from both 
drug and diluent vials. 
3. Pour diluent into drug vial. 
4. Remove dropper assembly from its sterile wrapping and attach to 
the drug vial. 
5. Shake container for several minutes to ensure mixing. 
Storage and Stability of Eyedrops: Once the eyedrops have 
been reconstituted they may be stored at room temperature 15?-30*C 
(59°-86°F) for 21 days. Discard any solution that is not clear and 
colorless. 


HOW SUPPLIED 

REV-EYES™ dapiprazole hydrochloride Eyedrops, 0.5% 

NDC 57706-761-62 1 

Each package contains REV-EYES™ (25 mg), diluent (5 mL) and drop- 
per for dispensing. 

Patented U.S. Patent No. 4,252,721 

Caution: Federal (USA) law prohibits dispensing without prescription. 


Manufactured by 

Abbott Laboratories 

North Chicago, IL 60064 

For 

Angelini Pharmaceuticals Inc. 

River Edge, NJ 07661 

Marketed by 

Storz Ophthalmics, Inc./Lederle Laboratories Division 
American Cyanamid Company 

Pearl River, NY 10965 
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U.S. Savings 
5 Bonds 


Are Now lax 
Free For 
College. 

(Good News 
lodav. 


Better News 


In 19 Years. 


If the cost of a college educa- 
tion seems expensive now, imagine 
what it will be in 18 years. That's 
why Bonds bought for your child's 
education can be completely tax 
free. Start buying Bonds today at 
your local bank, or ask about the 
Payroll Savings Plan at work. 
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Polytrim® Ophthalmic Solution Sterile 
(trimethoprim sulfate and polymyxin B sulfate) 





INDICATIONS AND USAGE: Polytrim Ophthalmic Solution is 
indicated in the treatment of surface ocular bacterial infections, 
including acute bacterial conjunctivitis, and blepharoconjunc- 
tivitis, caused by susceptible strains of the following microor- 
ganisms: Staphylococcus aureus, Staphylococcus epidermidis, 
Streptococcus pneumoniae, Streptococcus viridans, Haemophilus 
influenzae and Pseudomonas aeruginosa* * Efficacy for this or- 
ganism in this organ system was studied in fewer than 10 infec- 
tions. CONTRAINDICATIONS: Polytrim Ophthalmic Solution is 
contraindicated in patients with known hypersensitivity to any 
of its components. WARNINGS: NOT FOR INJECTION INTO THE 
EYE. If asensitivity reaction to Polytrim occurs, discontinue use. 
Polytrim Ophthalmic Solution is not indicated for the prophylaxis 
or treatment of ophthalmia neonatorum. PRECAUTIONS: 
General: As with other antimicrobial preparations, prolonged 
use may result in overgrowth of nonsusceptible organisms, 
including fungi. If superinfection occurs, appropriate therapy 
should be initiated. Information for Patients: Avoid contam- 
inating the applicator tip with material from the eye, fingers, or 
other source. This precaution is necessary if the sterility of the 
drops is to be maintained. If redness, irritation, swelling or pain 
persists or increases, discontinue use immediately and contact 
your physician. Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Carcinogenesis: Long-term studies in animals to 
evaluate carcinogenic potential have not been conducted with 
polymyxin B sulfate or trimethoprim. Mutagenesis: Trimetho- 
prim was demonstrated to be non-mutagenic in the Ames assay. 
In studies at two laboratories no chromosomal damage was 
detected in cultured Chinese hamster ovary cells at concentra- 
tions approximately 500 times human plasma levels after oral 
administration; at concentrations approximately 1000 times 
human plasma levels after oral administration in these same cells 
a low level of chromosomal damage was induced at one of the 
laboratories. Studies to evaluate mutagenic potential have not 
been conducted with polymyxin B sulfate. Impairment of Fer- 
tility: Polymyxin B sulfate has been reported to impair the 
motility of equine sperm, but its effects on male or female fertility 
are unknown. No adverse effects on fertility or general reproduc- 
tive performance were observed in rats given trimethoprim in 
oral dosages as high as 70 mg/kg/day for males and 14 mg/kg/day 
for females. Pregnancy: Teratogenic Effects: Pregnancy 
Category C. Animal reproduction studies have not been 
conducted with polymyxin B sulfate. It is not known whether 
polymyxin B sulfate can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Trimetho- 
prim has been shown to be teratogenic in the rat when given in 
oral doses 40 times the human dose. In some rabbit studies, the 
overall increase in fetal loss (dead and resorbed and malformed 
conceptuses) was associated with oral doses 6 times the human 
therapeutic dose. While there are no large well-controlled studies 
on the use of trimethoprim in pregnant women, Brumfitt and Pur- 
sell, in a retrospective study, reported the outcome of 186 preg- 
nancies during which the mother received either placebo or oral 
trimethoprim in combination with sulfamethoxazole. The inci- 
dence of congenital abnormalities was 4.5% (3 of 66) in those who 
received placebo and 3.396 (4 of 120) in those receiving trimetho- 
prim and sulfamethoxazole. There were no abnormalities in the 
10 children whose mothers received the drug during the first 
trimester. In a separate survey, Brumfitt and Pursell also found 
no congenital abnormalities in 35 children whose mothers had 
received oral trimethoprim and sulfamethoxazole at the time of 
conception or shortly thereafter. Because trimethoprim may 
interfere with folic acid metabolism, trimethoprim should be used 
during pregnancy only if the potential benefit justifies the poten- 
tial risk tothe fetus. Nonteratogenic Effects: The oral adminis- 
tration of trimethoprim to rats at a dose of 70 mg/kg/day com- 
mencing with the last third of gestation and continuing through 
parturition and lactation caused no deleterious effects on gesta- 
tion or pup growth and survival. Pediatric Use: Safety and 
effectiveness in children below the age of 2 months have not been 
established (see WARNINGS). ADVERSE REACTIONS: The most 
frequent adverse reaction to Polytrim Ophthalmic Solution is local 
irritation consisting of transient burning or stinging, itching or 
increased redness on instillation. These reactions occur in less 
than 4 of 100 patients treated. Polytrim has a low incidence of 
hypersensitivity reactions (less than 2 of 100 patients treated) 
consisting of lid edema, itching, increased redness, tearing and/or 
circumocular rash. Although sensitivity reactions to trimethoprim 
are rare, an isolated incident of photosensitivity was reported 
in a patient who received the drug orally. 
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Polytrim Ophthalmic Solution, containing _ 
the antimicrobial agent trimethoprim, is the firs 
new ophthalmic anti-infective to appear in nine 
years, And it may be one of the most remarkable. * 

Polytrim Solution was proven 98% 
clinically effective in the treatment of acute 
bacterial conjunctivitis, blepharitis and blepharo- 
conjunctivitis in a randomized, double-masked 
comparative study! 

In vitro, Polytrim Solution is active 
against the mos imon ocular pathogens, 
including \ Strains shown resistant to some 
other ocu iti-infectives, such as 


Whats Been Missing _ The Broad-Spectrum 
From Your Coverage Of 
Ocular Antu-Infective 7 Trimethoprim & 


Streptococcus pneumoniae, Staphylococcus 
aureus, Haemophilus influenzae and 
Pseudomonas aeruginosa.! In vitro data are not 
always predictive of clinical results. 

Polytrim Solution is well-tolerated, 
demonstrating no corneal toxicity in clinical 
trials. In a study involving over 800 patients, 
the incidence of hypersensitivity reactions was 
less than 2%. And that can mean better patient 
acceptance. 

So for effective, yet gentle, ocular anti- 
infective therapy, choose new Polytrim Solution. 

And experience well-tolerated, broad- 
spectrum ophthalmic coverage as you never 
have before. 


Polytrim 
Ophthalmic Solution Sterile 


(trimethoprim sulfate 0.1% & 
polymyxin B sulfate 10000 units/mL) 


The everyday solution for broad- 
spectrum ocular anti-unfectwe therapy. 
Polytrim Ophthalmic Solution is not indicated for the prophylaxis or 
treatment of ophthalmia neonatorum. | 
$ Ashley KC. The antimicrobial activity of topical anti-infective eye af 
| preparations. Med Lab Sci 1986;43:157-162. 
tm "e Please see adjacent page for brief prescribing information, 
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Editorials 


Screening Corneal Donors for 


Transmissible Disease 
Safety, Resources, and Reason 


he proliferation of newly discovered pathogens 

and screening tests poses a growing dilemma for 
the eye-banking community: which of the multitude 
of serologic tests should be required to screen donors? 
Are there guidelines that can be developed to facili- 
tate systematic evaluation of future screening pro- 
posals according to standards of medical appropri- 
ateness and cost effectiveness? What are the scientific 
data requirements for a successful evaluation pro- 
gram? Are there instances in which one could expect 
such evaluation to yield divergent recommendations 
for the screening of corneal tissue vs other organs/ 
tissues? 

This issue was most clearly brought into focus with 
the onset of the acquired immunodeficiency syndrome 
(AIDS) epidemic in the United States in 1981! and 
later reports of AIDS transmission via blood 
transfusion.’ By 1985, a serologic enzyme-linked im- 
munosorbent assay (ELISA) to detect human immu- 
nodeficiency virus (HIV) antibodies was developed 
and licensed by the Food and Drug Administration 
(FDA)? Less than a year later, medical standards of 
the Eye Bank Association of America (EBAA) were 
modified to require screening by all member eye 
banks. It was then unknown whether the ELISA test 
was effective in screening cadaveric serum, much of 
which is badly hemolyzed. Furthermore, it was un- 
clear whether the virus was even present in corneal 
tissue and, if so, whether it could actually be trans- 
mitted through keratoplasty. To date, there have been 
no documented cases of HIV transmission by corneal 
transplantation, even in cases in which there has been 
inadvertent transplantation of corneas from sero- 
positive donors.‘ 

Since 1986, researchers have isolated HIV*’ or 
demonstrated HIV antigens? in corneas of a small 


~ number of seropositive cadavers and showed that the 


ELISA assay is relatively, although not absolutely, 
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sensitive in screening cadaveric serum for 
antibodies? Faced with a lethal disease with no 
known cure, support was widespread in the medical 
community in 1986 for immediate implementation of 
both serologic and historical screening of HIV-in- 
fected donors, despite the unresolved issues of test 
sensitivity, specificity, corneal localization, and 
transmission potential. 

The development of the ELISA assay for HIV an- 
tigen and its licensure by the FDA raised new issues. 
Would this assay close the “seronegative window” 
between infection and production of antibodies in the 
infected host? An analysis of approximately 1 million 
blood donors in Europe and the United States by the 
American Red Cross, the American Association of 
Blood Banks, and the Council of Community Blood 
Centers failed to uncover any confirmed HIV-1 anti- 
gen-positive samples in the absence of antibody"; as 
a result, the ELISA test for antigen was not adopted 
for screening blood or corneal donors. 

The ELISA screen for hepatitis B antigen is cur- 
rently in use for screening blood and corneal donors. 
It was recommended for eye bank use by the EBAA 
in 1986 before formal study of its effectiveness in 
screening cadaveric sera. Since then, the assay has 
been found to be of lower sensitivity than the radio- 
immunoassay for hepatitis B and of much lower 
specificity in testing cadaveric serum. Two cases of 
hepatitis B transmission by corneal transplantation 
have been documented to date." 

It has long been suspected that a large proportion 
of the cases of transfusion-associated hepatitis were 
not caused by hepatitis A or B. In 1989, a genomic se- 
quence from a small, positive-stranded RNA virus, 
called hepatitis C, was cloned? and a serologic test li- 
censed by the FDA." Although this agent is newly 
isolated, there is no suggestion that this is a “new 
virus.” In 1991, the EBAA adopted hepatitis C anti- 
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body testing in eye bank screening despite the lack of 
evidence of corneal localization or transmission by 
keratoplasty, confirmatory test methods, or an eval- 
uation of the test on cadaveric sera. 

A newly discovered retrovirus that has infected in- 
dividuals in the United States for at least 50 years, 
human T-cell lymphotropic virus type I (HTLV-I), has 
been associated with a rare form of leukemia, which 
may manifest many years after infection, as well as 
a progressive neurologic disease (ie, myelopathy). A 
recent estimated prevalence rate in blood donors was 
10 of 40000 (0.025% ).* While EBAA medical stan- 
dards do not currently require serologic screening for 
HTLV-I, they prohibit the release of tissue for trans- 
plantation if a positive screening result has been doc- 
umented or if there is other evidence of HTLV-I 
infection in the cadaver. In contrast, blood banks now 
routinely screen for antibodies to HTLV-I. 

How can the eye-banking community rationalize 
the process by which new tests are mandated? Stan- 
dard cost-benefit analysis” would argue that serologic 
testing of corneal tissue for specific pathogens should 
be required in those instances in which the cost of 
screening is less than the cost of transplanting 
unscreened, infected tissue. The cost of screening in- 
cludes not only the direct costs incurred to perform 
serologic tests and confirmatory assays, but the indi- 
rect cost of tissue rejected for transplantation due to 
a positive test result. To the extent that screening can 
be coordinated for multiple organ/tissue donors, only 
a portion of the direct cost will be borne by the eye- 
bank community. When tissue is plentiful, the indi- 
rect cost of rejected tissue will approximate its pro- 
curement cost; in contrast, if tissue is scarce, the re- 
duction in tissue availability will impose costs in 
terms of lost transplant opportunities and improve- 
ment in patient health status. When rejected tissue 
had some research value, this use would reduce the 
cost of rejecting tissue for transplantation. Obvi- 
ously, as test specificity improves, tissue loss result- 
ing from false-positive outcomes will diminish, 
thereby reducing the indirect cost of screening. As the 
number of tests with imperfect specificity grows, the 
probability of rejecting healthy tissue due to at least 
one positive finding will grow exponentially. Thus, 
two tests, each with a 0.20 false-positive rate, will re- 
sult in as much as a 0.36 probability of (healthy) tis- 
sue rejection; five tests, each with a 0.20 false-positive 
rate, will result in as much as a 0.67 rejection rate. 

The benefits forthcoming from screening for a spe- 
cific viral agent will depend on a number of factors: (1) 
the underlying infection rate in the donor population; 
(2) the sensitivity of the test in detecting infected do- 
nors; (3) the transmission rate of the virus, which may 
vary with tissue storage; and (4) the cost of transmit- 
ting the virus from donor to recipient. The higher the 
infection rate in the donor population, the greater the 
potential benefit from screening, all other things be- 
ing equal. It follows directly that nonserologic donor 
screening (eg, based on demographic and health fac- 
tors) that is successful in reducing infection rates 
among donors may be a low-cost substitute/comple- 
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ment to serologic testing in certain instances. To the 
extent that nonserologic prescreening takes place 
prior to actual retrieval, it will reduce expenditures 
on procurement of subsequently rejected tissue. 

Improvements in test sensitivity, as well as the 
availability of confirmatory assays, will enhance the 
benefits of serologic testing, although such benefits 
may be at least partially offset by higher direct/indi- 
rect test costs. Thus, for example, the decision to sup- 
plement HIV serologic tests with other assays, such 
as the sensitive polymerase chain reaction (using nu- 
cleic acid extracted from blood or tissue from the cor- 
neal rim), would be dictated by the net benefits forth- 
coming from an improvement in test sensitivity. 

Even in the context of multiple organ and tissue 
donors, in which donor infection rates and test sensi- 
tivity are constant across organs/tissues, the benefits 
of screening can vary according to organ/tissue-spe- 
cific transmission rates. For example, there has been 
little past support for instituting syphilis screening of 
corneal donors in the absence of any documented 
cases of transmission. In contrast, syphilis testing is 
mandated for blood because transmission of the dis- 
ease using unstored donor blood has been clearly 
demonstrated." Given such variability in transmis- 
sion rates, it is certainly conceivable that a positive 
test result could lead to only a partial rejection of 
multiple donor organs/tissues. 

Finally, the cost of transmission will be positively 
affected by the seriousness of the disease in terms of 
mortality and irreversible health status changes, de- 
gree of communicability, and treatment cost; thus, 
lethal viruses such as HIV will likely justify more in- 
tensive screening efforts, despite potentially lower 
transmission rates, than treatable infections such as 
syphilis. The more immediate the onset of clinical 
manifestations of the infection, the higher the cost of 
transmission: future costs of infection are “dis- 
counted” relative to more immediate clinical mani- 
festations. For older patients, delays in onset may 
mean that infection costs are totally avoided during 
their lifetime. To the extent that onset and severity of 
infection varies according to the organ/tissue from 
which transmission occurred, benefits of screening 
will likewise vary. Even across recipients, the cost of 
transmission (and indirectly the benefit from screen- 
ing) will vary depending on posttransplant life ex- 
pectancy. 

Admittedly, cost-benefit analysis is only one of 
many alternative frameworks that can be adopted to 
systematize the evaluation of proposed screening re- 
quirements. Some have argued that standards of le- 
gal liability impose unacceptably high private costs 
on providers, thereby justifying testing even when 
cost-benefit analysis dictates otherwise. Clearly, this 
divergence in evaluation criteria ultimately depends 
on the basis by which a negligence standard evolves. 
Reliance on the “existing standard of care in the 
medical community” as a basis for judicial rule 
merely sidesteps the issue of how such standards 
ought to be established by the EBAA and other 
transplantation groups. Judge Learned Hand’s fa- 
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mous formulation of the negligence standard pro- 
posed to compare the expected cost of an adverse out- 
come (ie, the cost of the outcome weighted by its 
probability of occurrence) with the cost of avoidance; 
since that time, prominent members of the judicial 
community have argued vigorously for a negligence 
standard of liability that is consistent with an opti- 
mum investment in adverse outcome prevention by 
providers subject to the standard.” Thus, it is not un- 
reasonable to believe that establishing a cost-benefit 
analytic framework for evaluating serologic screen- 
ing would lead to decisions consistent with the out- 
come of relevant case law as it subsequently evolves. 

Certainly, political and public relations concerns 
may put pressure on the transplantation community 
to reduce the potential transmission of infectious 
disease below that level dictated by cost-benefit anal- 
ysis. As this pressure mounts, organ and tissue orga- 
nizations can respond in one of two ways. They can 
capitulate, introducing costly serologic tests, often of 
low specificity and/or sensitivity (many of which re- 
main to be evaluated using cadaveric serum). Alter- 
natively, the transplantation community can take the 


lead in establishing a framework for evaluating pro- 
posed tests, resulting in screening guidelines that, in 
their most comprehensive form, take into account 
such factors as organ/tissue supply, pathogen trans- 
mission rates, seriousness of infection, and donor/re- 
cipient characteristics. 

Undoubtedly, such an ambitious undertaking will 
require an ongoing financial commitment to fund 
evaluations of new diagnostic and serologic tests us- 
ing cadaveric serum, as well as research on the risk of 
disease transmission. Nevertheless, these explicit 
costs of self-regulation may ultimately pale in com- 
parison to the costs imposed by more stringent gov- 
ernment oversight of transplantation activities. 

SUSAN FEIGENBAUM, PHD 
JAY S. PEPOSE, MD, PHD 
St Louis, Mo 
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Prevention of Postoperative Infection 


E ndophthalmitis remains one of the most feared 
complieations of intraocular surgery despite ad- 
vanees in treatment that allow salvage of functional 
vision in many affected eyes. A recent survey of 23 625 
eases of extracapsular cataract extraction at a major 
teaching hospital demonstrated a rate of elinical diagno- 
sis of endophthalmitis of 0.089%’; this is essentially the 
same as results of a study from another university 
hospital during the intracapsular era that found a 
diagnosis rate of 0.0865% in 30 000 cases.” Given the 
large number of procedures performed, there may be as 
many as 1000 cases of endophthalmitis after cataract 
surgery in the United States yearly. 





See also pp 911 and 946. 





How can surgeons reduce the risk of endophthalmitis 
occurring in their patients? Cultures of lids, lashes, and 
conjunctiva will demonstrate colonization with poten- 
tially pathogenic Staphylococcus epidermidis, Staphy- 
lococcus aureus, Streptococcus, or other organisms in 
approximately 75% of eyes." Studies of cases of staphy- 
lococeal endophthalmitis have found that the infecting 
organisms are the patient's own flora in most cases.‘ 
These organisms are introduced into the eye during 
surgery, and some patients consequently develop clini- 
eal infection. Logically, then, reducing the number of 
bacteria before surgery should reduce the risk of infec- 
tion in the patient, although this has not been proven. 

Patients should be examined before surgery for evi- 
dence of chronie blepharitis, conjunctivitis, canalieuli- 
tis, or daeryocystitis, and these problems should be 
managed appropriately. Facial serubs and preoper- 
ative topical antibioties applied the day before surgery 
are favored by some surgeons but may be less frequent- 
ly employed now that patients scheduled to undergo 
cataract removal are not admitted to the hospital before 
surgery. Meticulous preoperative preparation is im- 
portant. Use of povidone-iodine for preoperative prep- 
aration has been demonstrated to be effective in reduc- 
ing bacterial flora in one study,’ and in reducing the 
incidence of endophthalmitis compared with a prepara- 
tion of silver protein and saline in another (Mark K. 
Speaker, MD, oral communication, 1991). 
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Evidence favors the prophylactic use of periopera- 
tive antibioties to reduce the incidence of postoperative 
endophthalmitis.? The best route of administration, fre- 
quency of dose, and choice of antibiotic are less certain. 
Preoperative topical antibiotics reduce bacterial flora? 
and have been shown to be effective in reducing the 
incidence of endophthalmitis,” but no form of therapy 
consistently kills all microbial flora in all patients or 
prevents all cases of endophthalmitis. All infected pa- 
tients in a recent study’ had received one or more forms 
of perioperative antibiotie prophylaxis. 

Subeonjunctival injection of antibioties for prophy- 
laxis of infection is commonly performed at the end of 
surgery, often in conjunction with subconjunctival cor- 
ticosteroids; gentamicin is frequently the chosen drug. 
In this issue of the ARCHIVES, Campochiaro and Con- 
way' describe more than 20 cases of macular infarction 
after subconjunctival injection of an aminoglycoside. 
They suggest that the risk-benefit ratio of subeonjunc- 
tival antibiotic injection of aminoglycosides after ocular 
surgery be reevaluated and that the use of prophylactic 
subconjunctival aminoglycosides after routine ocular 
surgery be abandoned. Are subconjunctival antibiotics 
effective for prophylaxis? If so, does one drug have a 
better risk-benefit ratio than another? 

One study’ has shown that when subconjunctival 
antibiotics were administered at the end of surgery the 
number of cases of endophthalmitis decreased com- 
pared with the number of cases when no antibiotics 
were administered before or after surgery. In the larg- 
est study of perioperative antibiotic regimens,” 54 000 
cases were examined at a cataract camp in Pakistan. All 
eyes received preoperative antibiotics. No significant 
decrease in endophthalmitis was noted in the 10 000 
patients administered postoperative subconjunctival 
antibiotics compared with the 44 000 not administered 
subconjunctival prophylaxis. In a later, smaller series 
from the same hospital, the combination of antibiotics 
administered before surgery and subconjunctival anti- 
biotics administered at the end of the procedure was 
found to be more effective in reducing infections than 
preoperative administration of antibiotics alone." An- 
other small series involving both preoperative adminis- 
tration of topical medication and subeonjunetival injec- 
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tions at the end of the procedure demonstrated no 
significant reduction in risk with the supplementary 
subconjunctival injections.” 

Despite the lack of conclusive clinical proof of the 
efficacy of subconjunctival injections for endophthalmi- 
tis prophylaxis, animal studies have demonstrated ben- 
eficial results of such prophylaxis. In these models, a 
cataract extraction is performed and pathogenic bacte- 
ria are injected into the vitreous cavity, followed by 
subconjunctival injection of antibiotics in the treatment 
groups. Clinical infection was reduced in treatment 
groups who received subconjunctival injections of cef- 
tazidime," gentamicin,” or ciprofloxacin” compared 
with control groups who did not receive subconjuncti- 
val injections. These results are somewhat surprising 
because studies of antibiotic penetration into the vitre- 
ous cavity after subconjunctival injection typically 
show that negligible levels of penetration are 
achieved." Higher levels of penetration can be attained 
in the anterior chamber, however, where most bacteria 
are probably present immediately after wound closure. 

The negative features of subconjunctival prophylaxis 
are not limited to its toxic effects. The cost of thousands 
of injections is significant, a factor that will be inereas- 
ingly important as government and other third-party 
payers attempt to control more aspects of medical deci- 
sion-making. The development of resistant organisms 
may be encouraged; one third of the endophthalmitis 
cases in a recent series! were resistant to the antibiotics 
administered perioperatively, and the onset and recog- 
nition of endophthalmitis may be delayed by postopera- 
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tive prophylaxis. ^ 

If postoperative subconjunctival prophylaxis is se- 
lected, cost, toxicity, allergenicity, spectrum of cover- 
age, and demonstrated efficacy must all play roles in 
choosing the appropriate drug. The literature is incon- 
clusive as to the best choice for antibiotie prophylaxis, 
although topical gentamicin has been consistently dem- 
onstrated to be one of the most effective drugs." A 
third-generation cephalosporin or ciprofloxacin may be 
an attractive alternative. It should be noted that, in 
most cases of macular infarction reported by Campo- 
chiaro and Conway,’ inadvertent penetration of the eye 
during injection was thought to cause toxic levels of 
drugs in the eye. Similar inadvertent intraocular injec- 
tions of other antibiotics are likely to have similar seri- 
ous consequences. 

The best defensive strategy against infection in- 
cludes management of preexisting external infections, 
careful preoperative preparation (including the use of 
antiseptic agents), meticulous operative technique, and 
administration of perioperative antibiotics. Whether 
administration of prophylactic subeonjunctival antibi- 
oties at the end of surgery should be part ofthis regimen 
remains unclear. As noted by Leopold and Apt in 1960,” 
the effectiveness of subconjunctival antibiotics “will be 
proven only as a consequence of a controlled study both 
instituted and performed by a single ophthalmie sur- 
geon or surgical team." 


TRAVIS A. MEREDITH, MD 
Baltimore, Md 
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Special Article 


Aminoglycoside Toxicity—A Survey of 


Retinal Specialists 


Implications for Ocular Use 


Peter A. Campochiaro, MD, Brian P. Conway, MD 


e Surveyed members of the Retina, Macula, and Vitreous Soci- 
eties reported 93 cases of macular infarction they believed to be 
related to administration of gentamicin sulfate; five, to adminis- 
tration of amikacin sulfate; and three, to administration of tobra- 
mycin sulfate. Most cases of infarction after administration of 
gentamicin occurred in eyes that received an intravitreous injec- 
tion of 0.4 mg after vitrectomy, but a surprisingly high number, 
17, occurred after injection of 0.1 or 0.2 mg, doses that are 
considered safe by many ophthalmologists. Four additional 
cases of infarction occurred in eyes that did not undergo vitrec- 
tomy after injection of 0.1 or 0.2 mg. Four of the five cases related 
to administration of amikacin occurred after intravitreous injec- 
tion of 0.4 mg, and one of these four occurred in an eye that did 
not undergo vitrectomy. Twenty-three cases of macular infarc- 
tion occurred in eyes that were treated with prophylactic subcon- 
junctival injections of aminoglycosides after routine ocular sur- 
gery. Responses from this survey suggest that aminoglycoside- 
induced retinal infarction is widely recognized and more 
common than indicated from the small number of cases reported 
in the literature. The role of aminoglycosides in the prophylaxis 
of ocular infections and the management of endophthalmitis 
should be reevaluated. 

(Arch Ophthalmol. 1991;109:946-950) 


(5 Ta nesative bacteria are resistant to many antibi- 
oties, but are usually sensitive to aminoglycosides. 
As a result, aminoglycosides have been widely used for 
the treatment and prophylaxis of ocular infections. 
Subconjunctival injection of gentamicin sulfate is stan- 
dard after all types of intraocular surgery. Aminoglyco- 
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sides are generally included in endophthalmitis treat- 
ment regimens to provide broad protection when the 
specifie organism(s) involved is unidentified. Dose rec- 
ommendations for intravitreous injections were origi- 
nally based on toxicity studies performed in rabbits. 
One group of investigators" recommended an intra- 
vitreous dose of 0.4 mg of gentamicin, and in the early 
1980s this dose was widely used in the treatment of 
endophthalmitis. In the mid 1980s, a few reports" of 
extensive retinal nonperfusion after inadvertent in- 
traocular injection of large doses of gentamicin or to- 
bramycin appeared. In 1986, we described two patients 
who suffered macular infarction after treatment of 
Staphylococcus epidermidis endophthalmitis with vi- 
trectomy and intravitreous administration of 0.4 mg of 
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gentamicin." Because the macula of each patient was 
grossly normal during vitrectomy, we postulated that 
gentamicin caused the macular infarction. We were 
confident that no dilution errors had been made, but our 
hypothesis that intravitreous administration of 0.4 mg 
of gentamicin eaused macular infaretion was met with 
some skepticism.’ A recent publication recom- 
mended a dose of 0.2 to 0.4 mg of gentamicin adminis- 
tered intravitreously, suggesting that some authorities 
still believe that doses of up to 0.4 mg are appropriate. 
Over the last several years, we have received several 
anecdotal reports that have strengthened our convic- 
tion that intravitreous administration of gentamicin, 
even at doses less than 0.4 mg, might be dangerous. 
They also suggest that the problem is much greater 


Aminoglycoside Toxicity — Campochiaro & Conway 
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Have you ever observed first hand a case of macular infarction 
(or vascular nonperfusion) after intravitreous injection of 
gentamicin? 
YES NO Number of cases 
If yes, what dose? | z 
Was the injection performed 1) after a vitrectomy? 
Circle one 
2) in a nonvitrectomized eye? 
Have you ever observed first hand a case of macular infarction 
after intravitreous injection of tobramycin? 

YES NO Number of cases 
If yes, what dose? — = 4 
Was the injection performed 1) after a vitrectomy? 

Circle one 
2) in a nonvitrectomized eye? 

Have you ever observed first hand a case of macular infarction 
after intravitreous injection of amikacin? 

YES NO Number of cases 


If yes, what dose? — 


Was the injection performed 1) after a vitrectomy? 
Circle one 


2) in a nonvitrectomized eye? 


What is your current antibiotic regimen for endophthalmitis? 
a) When you have a low suspicion of gram negative rods? 


b) When you have a high suspicion of gram negative rods? 





Survey of aminoglycoside-induced macular infarction. 


than is commonly recognized. To examine this issue, we 
conducted a survey of all members of the Retina Soci- 
ety, the Macula Society, and the Vitreous Society. 
Herein, we report the results of that survey. 


SUBJECTS AND METHODS 


The Retina, Macula, and Vitreous Societies require that 
members be fellowship-trained and (with few exceptions) 
devote most of their efforts to treatment of medical and/or 
surgical retinal diseases. This target group was selected be- 
cause the above requirements provide some assurance as to 
the reliability of the reported observations and because this 
group has wide representation throughout this country and in 
several foreign countries, thus providing a good measure of 
current state-of-the-art medical practice. Each member of 
the target group was sent a survey form (Figure) and a letter 
explaining the rationale of the survey. Care was taken to 
ensure that each member was sent only one form. The form 
was limited to one page to encourage compliance. The infor- 
mation sought was whether the respondent had ever seen 
firsthand a macular infarction that he or she believed was 
caused by an aminoglycoside, and, if so, what dose of the 
aminoglycoside was used and if the infarction occurred in an 
eye that had undergone vitrectomy. Information was also 
sought concerning the respondent’s current antibiotic regi- 
men for treatment of endophthalmitis. 


RESULTS 


A total of 493 questionnaires were mailed, and 226 
replies were received, a response rate of 46%. This is a 
good response rate, particularly because many mem- 
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Casos Comments 


Gentamicin Administered After Vitrectomy 
O. 1 a Two respondents did not mix their 
doses and suspected dilution error 
0.4 Two respondents listed macular 
infarction related to gentamicin as 
possible; one received gentamicin for 
treatment of prophylaxis after trauma 


Dose, mg 


Listed macular infarction related to 
gentamicin as possible 


In one case, gentamicin was included 
in infusion for treatment of ''mild 


Unspecified 


trauma," but the concentration was 
unspecified 


Uncertain 


Dilution error, concentration estimated 
to be 0.7 mg 


High dose 


Total 


Genta Administered Without Vitrectomy 
For treatment of endophthalmitis 


0.2 For treatment of endophthalmitis 
0.4 For treatment of endophthalmitis 


High dose One pnarmacy dilution error (dose for 
the treatment of endophthalmitis); 13 
inadvertent scleral penetrations; one 
case of confusion with miochol; two 
presumed leaks into the eye after 
subconjunctival injection; and four 
cases in which the mechanism was 
unspecified 


bers of the Macula Society do not treat endophthalmi- 
tis. A total of 93 cases of macular infarction believed to 
be related to administration of gentamicin were report- 
ed (Table 1). Sixty-six occurred in eyes that had under- 
gone vitrectomy for treatment of endophthalmitis (64 
cases) or ocular trauma (two cases), followed by intravi- 
treous injection of gentamicin. A few of the respon- 
dents listed their cases as possible examples of infarc- 
tion occurring because of administration of gentamicin, 
suggesting that they were not convinced that the macu- 
lar infarction resulted from the gentamicin rather than 
the disease process. One respondent noted a dilution 
error, two could not rule out a dilution error, two were 
uncertain ofthe dose, and eight did not specify the dose. 
One case occurred after injection of 0.5 mg of gentami- 
cin. This means that at least 50 cases of macular infarc- 
tion were believed to have occurred after injection of 
previously recommended doses of gentamicin. Most of 
these occurred after doses of 0.4 mg, but a surprisingly 
high number (17) occurred after injection of 0.1 or 0.2 
mg, doses that are considered safe by many 
ophthalmologists. 

Twenty-seven cases of macular infarction were be- 
lieved to be related to administration of gentamicin in 
eyes that had not undergone vitrectomy. Seven oc- 
curred in eyes that received intravitreous gentamicin 
for the treatment of endophthalmitis. Of these, one was 
related to a pharmacy error in dilution, and six occurred 
after injection of previously recommended doses (four 
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Amikacin 
Administered 
After Vitrectomy 
0.2 "Mixing error could not be ruled out'' 


Amikacin 

Administered 

Without Vitrectomy 
0.4 


Tobramycin 

Administered 

Without Vitrectomy 
High dose 


All three infarctions occurred after 
subconjunctival injection after cataract 
surgery; in two cases, the mechanism was 
unspecified, and in one, leakage into the 
eye through the cataract wound was 
presumed? 





in the eurrently presumed "safe range"). Twenty cases 
of macular infarction occurred in association with pro- 
phylactic use of gentamicin after anterior segment sur- 
gery (19 cataract extractions and one glaucoma proce- 
dure). In most of these cases, the presumed mechanism 
was inadvertent intraocular injection (in one case, due 
to eonfusion with miochol), but at least two cases were 
believed to be associated with leakage into the eye 
through the cataract wound after subconjunctival injec- 
tion without ocular penetration. 

Five cases of macular infarction occurred after intra- 
vitreous injections of amikacin sulfate (Table 2). Four 
of these occurred after injection of 0.4 mg—three in 
eyes that had undergone vitrectomy and one in an eye 
that had not undergone vitrectomy. One case occurred 
in an eye in which the intended dose was 0.2 mg, but in 
which a dilution error could not be ruled out. Three 
cases of macular infarction occurred after prophylactic 
subconjunctival injection of tobramycin after cataract 
surgery. In two, the presumed mechanism was unspec- 
ified, but in one previously reported case,’ the drug was 
believed to have entered the eye without ocular pene- 
tration by the needle. 

Of the 226 respondents, 184 provided information 
concerning their current antibiotic regimen for treat- 
ment of endophthalmitis. The vast majority (154 [84%]) 
do not attempt to distinguish between cases with high 
probabilities of gram-negative infection and those with- 
out. Therefore, the same regimen is used for all cases. 
Table 3 lists each of these regimens, highlighting the 
aminoglycoside component of each. Almost all respon- 
dents (150 of 154) use an aminoglycoside, and use is 
almost equally split between gentamicin (50%) and ami- 
kacin (46%). Only one respondent specified a gentami- 
cin dosage of 0.4 mg, and 20 did not specify a dose. Of 
those who specified a dose of gentamicin, most use 
0.1 mg, but a large percentage use 0.2 mg. Most amika- 
cin doses were of 0.4 mg. 

Thirty respondents vary their antibiotie administra- 
tion depending on whether they believe there is a high 
or low probability of gram-negative infection. Concern 
about toxicity is the likely rationale for at least 19 ofthe 
flexible regimens. Twelve regimens do not include an 
aminoglycoside when suspicion of gram-negative infec- 
tion is low, but add an aminoglycoside when suspicion is 
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Respondents Other Antibiotics Used 
Using Dose (No. of Cases) 


Gentamicin Administered 
0.05 to 0.1 mg 1 1 mg vancomycin (1) 


0.1 mg 29 None (3); 1 mg vancomycin (20); 2 mg 
vancomycin (1); and 2.2 mg 
cephazolin (5) 


0.1 to 0.2 mg 3 2.2 mg cephazolin (3) 


21 None (6); 0.5 mg vancomycin (1); 1 mg 
vancomycin (12); 2.2 mg cephazolin 
(1); and 0.5 mg clindamycin (1) 

None (1) 

None (2); vancomycin (7); cephazolin 
(7); clindamycin (3); and methicillin 
(1) 


8 mg/L in infusion 2 None (2) 


Amikacin Administered 
4 1 mg vancomycin (3) and 1 mg 
vancomvcin in addition to 2.2 mg 
cephazolin (1) 
10 1 mg vancomycin (7); 2 mg 
vancomycin (2); and 2.2 mg 
cephazolin (1) 


37 None (5); 0.5 mg vancomycin (1); 1 mg 


0.4 mg 1 
Unspecified 20 


vancomycin (28); 2 mg vancomycin 
(2); and 2.2 mg cephazolin (1) 


0.5 mg 1 1 mg vancomycin (1) 
Unspecified 19 None (3) and vancomycin (16) 


Tobramycin Administered 





Unspecified 2 Vancomycin (2) 
No Aminoglycoside Administered 
4 Vancomycin (1) and vancomycin in 
addition to cephazolin (3) 





high; seven regimens provide a lower dose of aminogly- 
coside when suspicion is low and a higher dose when 
suspicion is high. 


COMMENT 


Based on unpublished work in primates, we thought 
that amikacin would be much less likely to cause macu- 
lar infarction than gentamicin." We were disappointed 
to find that five respondents had observed macular 
infarction after intravitreous injection of amikacin. Al- 
though no cases were reported after intravitreous in- 
jection of therapeutic doses of tobramycin, it is very 
likely that this ean occur, because retinal infarction has 
been noted after presumed inadvertent injection of 
large doses of tobramycin. Thus, it seems that maeular 
infaretion ean occur after intravitreous injection of any 
aminoglycoside, even with doses that were previously 
considered safe. Skeptics may say that it is impossible 
to rule out dilution errors as a potential cause of toxic- 
ity, but the very large number of cases reported herein 
argues against this explanation. The probability that 
dilution errors could occur and go undetected in so 
many cases seems very low. Even if this unlikely possi- 
bility were true, it would not alter the fact that the safe 
therapeutic window for the ocular use of aminoglyco- 
sides is sufficiently narrow to be a significant clinical 
problem. 
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‘The narrow therapeutic window for the ocular use of 
aminoglycosides makes them a poor choice for prophy- 
laxis, particularly in view of the severe visual conse- 
quences of aminoglycoside toxicity. Twenty-two cases 
of aminoglycoside-induced macular infarction reported 
in our survey occurred after subconjunctival injections 
performed at the end of anterior segment surgery. 
While in most of these cases inadvertent ocular pene- 
tration was known or presumed to have occurred, some 
respondents believed that retinal infarction occurred 
after uncomplicated subconjunctival injections.’ The 
widespread use of aminoglycosides in this prophylactic 
manner might be used to argue against this possibility, 
but the variable response of different eyes to aminogly- 
coside administration for undefined reasons makes 
complete dismissal of this possibility difficult. 

Regardless of the mechanism, we believe that these 
cases of retinal infarction should prompt ophthalmolo- 
gists to reevaluate the risk-benefit ratio of prophylaxis 
with aminoglycosides after ocular surgery. The pur- 
ported benefit is that it helps prevent endophthalmitis, 
but this is controversial. While most studies suggest 
that subeonjunctival antibiotics are not effective in pre- 
venting endophthalmitis," results of one small study” 
indicated a smaller incidence of endophthalmitis in pa- 
tients with cataracts who received perioperative peni- 
cillin and streptomycin than in those who did not re- 
ceive the drugs. Another study” found that cataract 
patients who received perioperative subconjunctival 
gentamicin had a higher incidence of endophthalmitis 
than did patients who did not receive antibiotics. Thus, 
there is no evidence that subconjunctival aminoglyco- 
sides are effective. Even if they do provide some mini- 
mal protection against endophthalmitis, there are addi- 
tional considerations: (1) The true incidence of macular 
damage from prophylaxis with aminoglycosides after 
ocular surgery is unknown, and it is possible that the 
damage is frequent enough to cancel any benefit from a 
decreased incidence of endophthalmitis. (2) Endoph- 
thalmitis is treatable, while macular infarction is not. 
(3) If prophylactic use of aminoglycosides does decrease 
the incidence of endophthalmitis, a safer class of antibi- 
otics, such as cephalosporins (possibly third genera- 
tion),’ might provide the same benefit with less risk. 

It is likely that prophylactic intravitreous injections 
of aminoglycosides are more hazardous than subcon- 
junctival injections. Two cases of macular infarction in 
the survey occurred after prophylactic intravitreous 
injections in eyes that had suffered penetrating trauma 
but that had good visual prognoses. Use of less toxic 
antibiotics for prophylaxis, such as vancomycin, clinda- 
mycin (to provide added coverage against Bacillus spe- 
cies), and a third-generation cephalosporin, along with 
close follow-up, seems to have a better risk-benefit 
ratio than that of aminoglycosides. 

One could make a case for reserving aminoglycosides 
for treatment of known or highly suspected cases of 
gram-negative infections. The question on our survey 
form concerning the antibiotic regimen used for treat- 
ment of endophthalmitis was meant to address this 
issue, but was necessarily vague to keep the question- 
naire to one page. The responses may not accurately 
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gauge the current level of concern about aminoglyco- 
side toxicity because respondents were not asked which 
criteria might be used to distinguish between a high and 
a low probability of gram-negative infection. However, 
these responses unequivocally demonstrate that there 
is no consensus as to the best antibiotic regimen. The 
responses also seem to indicate that a major concern of 
most retinal surgeons is to avoid delaying adequate 
treatment of gram-negative endophthalmitis. At least 
19 respondents were equally concerned about the possi- 
bility of aminoglycoside toxicity, particularly in eyes 
without gram-negative infection. 

The key question is if there is a reasonably reliable 
way to distinguish between a high and low probability 
of gram-negative endophthalmitis before the adminis- 
tration of antibiotics. As a number of respondents 
pointed out, clinical criteria are insufficient, but an 
additional piece of information can be obtained: the 
presence or absence of gram-negative rods on a smear 
of a vitreous aspirate. Over the last 4 years, one of the 
authors (P.A.C.) has used the presence of gram-nega- 
tive rods on a vitreous aspirate smear as a prerequisite 
for the administration of intravitreous aminoglycosides 
and has not had a case of a negative smear with a 
positive culture of gram-negative organisms. When 
treating a patient who does not require vitrectomy, this 
means performing a vitreous aspirate and Gram’s stain 
before injection of the antibiotics. In cases of endoph- 
thalmitis managed with vitrectomy, it involves almost 
no additional time or effort. A vitreous aspirate can be 
obtained before surgery and sent to a laboratory for an 
immediate Gram’s stain and culture. By completion of 
the vitrectomy, the results are usually available to 
assist in the selection of intravitreous antibiotics. Re- 
sults of a limulus lysate test could also help in selection. 
Because gram-positive endophthalmitis is much more 
common than gram-negative or mixed endophthalmi- 
tis, these techniques could reduce unnecessary admin- 
istration of intravitreous aminoglycosides in many 
cases and potentially reduce visual loss because of mac- 
ular infarction. We should also continue our search for 
an antibiotic that acts safely and effectively against 
gram-negative ocular infection. A good candidate is 
ceftazidime sodium, which acts well against gram-nega- 
tive infection and should be as safe as the other cephalo- 
sporins.^ Another good candidate is imipenem.” Pre- 
liminary toxicity data are available for both agents.’*” 

To limit visual morbidity associated with administra- 
tion of aminoglycosides, we propose the following rec- 
ommendations, which are based on our clinical impres- 
sions: (1) Abandon the prophylactic use of subcon- 
junctival aminoglycosides after routine ocular surgery. 
If, in the ophthalmologist’s opinion, there is sufficient 
evidence to indicate benefit from prophylaxis, use 
100 mg of cefazolin sodium or ceftazidime and pay strict 
attention to injection technique; lift the conjunctiva 
with forceps as the needle is inserted and verify that the 
needle has not penetrated the sclera before injection. 
(2) Avoid administering intravitreous aminoglycosides 
in the prophylaxis of penetrating ocular trauma. In- 
stead, use vancomycin (and/or clindamycin) and cefta- 
zidime or imipenem (once definitive toxicity data are 
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available) and follow up the case closely. (3) At this time 
an aminoglycoside (400 pg of amikacin or 100 pg of 
gentamicin) should be included in the intra- 
vitreous injection for the treatment of presumed en- 
dophthalmitis unless there is sound evidence that 
gram-negative organisms are not involved. Further 
studies are needed to determine if such evidence can be 
provided by Gram’s stains of vitreous aspirates and/or 
limulus lysate tests. Further studies are also needed to 


determine if other drugs can substitute for aminoglyco- 
sides and provide equally effective action against gram- 
negative infection with greater safety. 


This study was supported by an unrestricted grant from Research 
to Prevent Blindness Ine, New York, NY. 
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Perforating (Through-and-Through) Injuries of the Globe 


Surgical Results With Vitrectomy 


Daniel F. Martin, MD; Travis A. Meredith, MD; Trexler M. Topping, MD; Paul Sternberg, Jr, MD; Henry J. Kaplan, MD 


e Fifty-one eyes of 48 patients with 
perforating (through-and-through) inju- 
ries of the globe were treated with vitrec- 
tomy during a 12-year period. Functional 
success was Obtained in 32 eyes (63%), 
anatomic success was obtained in nine 
eyes (17%), and treatment failed in 10 
eyes (20%). In 16 eyes (32%), 20/20 to 
20/100 visual acuity was obtained; in 17 
eyes (33%), 20/200 to 5/200 visual acuity 
was obtained; and in 18 eyes (35%), less 
than 5/200 visual acuity was obtained. 
The mechanism of injury was an impor- 
tant prognostic indicator of final visual 
outcome. Eight (62%) of 13 eyes that 
sustained knife or nail injuries achieved 
a final visual acuity of 20/50 or better, 
while only six (16%) with missile injuries 
achieved a similar level of acuity. Final 
visual outcome correlated well with the 
state of the macula and was not predict- 
ed by preoperative visual acuity. Despite 
improvement in surgical techniques and 
instrumentation, no trend toward im- 
proved visual outcomes was identified 
during the 12-year period. 

(Arch Ophthalmol. 1991;109:951-956) 


erforating — (through-and-through) 
injuries of the globe are an infre- 
quent but potentially devastating form 
of ocular trauma." Before the advent 
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of vitrectomy, these eyes had an ex- 
tremely poor prognosis for visual re- 
covery." Experimental studies have 
shown that a tract of vitreous conden- 
sation is formed across the vitreous 
cavity from the entrance to the exit 
wound immediately after a perforating 
injury." In both animal models"" and 
in human studies," fibroblasts ad- 
mixed with pigment epithelial cells 
have been found to proliferate across 
the vitreous cavity on this scaffold of 
injured vitreous. Subsequent cellular 
contraction" results in transvitreal 
traction that may lead to retinal tears, 
dialysis, and detachment. ^" In experi- 
mental models, vitrectomy has been 
shown to be beneficial in the preven- 
tion of this transvitreal cellular prolif- 
eration" and in reducing the frequency 
of retinal detachment.” Clinical expe- 
rience likewise has suggested that vi- 
trectomy may improve the visual out- 
come in these eyes. "^ 

We present our clinical experience 
with vitrectomy for the management 
of perforating injuries of the globe. To 
our knowledge, this is the largest re- 
ported series of patients to date and 
demonstrates the substantial potential 
for retention of anatomic structure and 
visual function in these eyes. 


PATIENTS AND METHODS 


From July 1978 to February 1990, we 
treated 51 eyes of 48 patients with perforat- 
ing injuries of the globe with pars plana 
vitrectomy. The diagnosis of a perforating 
injury of the globe was made based on the 
following criteria: (1) presence of an anteri- 
or scleral or corneoscleral wound and evi- 
dence of a posterior scleral rupture at the 
time of vitreous surgery or (2) presence of a 
scleral or corneoscleral entry wound and 


evidence of a posterior impact site without 
gross rupture but with an associ- 
ated orbital foreign body seen on computer- 
ized tomography, suggesting that a foreign 
body had passed through the globe and had 
come to rest in the orbit. 

For each patient, the hospital record was 
reviewed to determine the age, sex, type of 
injury, entrance wound site, exit wound 
site, initial visual acuity, management, tim- 
ing of vitrectomy, anatomic results, and 
final visual result. For purposes of analysis, 
all eyes were divided into two groups on the 
basis of the mechanism of injury: (1) inju- 
ries from missiles, including BBs, shotgun 
pellets, and small metal foreign bodies (Ta- 
ble 1), and (2) injuries from sharp objects, 
including nails, knives, and a compass (Ta- 
ble 2). 

Surgical intervention was attempted be- 
tween 7 and 14 days after the initial injury 
whenever possible. Delays in referral or 
hospital transfer, however, frequently put 
the patient outside the desired time period. 
The surgical technique consisted of a stan- 
dard three-port vitrectomy in all cases. 
Hyphema was removed when present, as 
was the lens when it had been damaged. All 
vitreous opacities were removed, leaving 
only the vitreous base. Removal of the 
posterior hyaloid was attempted in all 
cases, stripping it from the retinal surface 
when necessary. The stump of proliferation 
growing through the exit site was reduced 
flush with the retina but not eliminated so 
as not to reopen the exit site, which had 
usually sealed if at least a 7-day interval 
existed between primary and secondary 
surgical intervention. It was sometimes 
necessary to perform endophotocoagulation 
around the exit site to enhance retinal 
adhesion to the pigment epithelium. Retinal 
breaks were treated by cryotherapy or 
endophotocoagulation with gas-fluid ex- 
change, and anterior breaks were support- 
ed by combinations of soft silicone ele- 
ments. In those eyes without retinal 
detachment, a single silicone band (3.5 mm) 
was used in most cases to encircle the eye at 
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Age, y/ 


Patient 
No. Sex/Eye Injury 
6/F/OS = 
14/F/OD 
3 16/M/OD = 


13/F/OD 


Delay Pre- 


Post- 


Days operative VA operative VA 
LP 20/300 
20/400 
E: NLP 


Follow-up, 
mo Comments 
27 Macular scar 
Macular scar 
16 Macular scar, neovascular 
glaucoma 


Second vitrectomy with silicone 





oil, failed 


10/M/OS Macular scar 
6 22/M/OS BB Macular scar 
7 9/M/OS BB PVR, total RD 


8 10/M/OD BB 
9 12/M/OD Pellet 
OS Pellet 
66/M/OD Pellet 
11 15/M/OD Pellet 
12 35/F/OD Pellet 
OS Pellet 
13 23/M/OD Pellet 
14 13/F/OD Pellet 
22/M/OS Pellet 
16 25/M/OD Pellet 
17 21/F/OD Pellet 
18 31/M/OS Pellet 
19 34/M/OD Pellet 
26/M/OD Pellet 
32/M/OS Pellet 
22 21/M/OS Pellet 
23 37 /M/OS Pellet 
24 31/M/OS Pellet 


38/M/OS Pellet 


5 LP NLP 14 
3 LP NLP 5 CF and attached at 1 mo, 
recurrent RD, NLP 
12 LP 20/200 12 Macular choroidal rupture 
20/400 Macular exit wound 
20/400 Macular scar 
20/ 100 Macular scar 
6 HM 20/50 11 PK at vitrectomy 
10 LP LP 11 Macular scar 
42 HM CF 21 Macular scar 
PVR, failed reoperation 
Macular exit 
20/400 Needs aphakic refraction, never 
returned for follow-up 
18 LP 20/40 38 Lensectomy at later date 
12 CF HM 4 Macular scar, lens clear 
0 LP NLP 10 Macular scar, cataract aspiration 
glaucoma 
20/25 
Subretinal fibrosis 
14 HM 20/200 2 VA: heme posterior to lens, never 
returned for follow-up 
13 LP 20/30 3 ED 
15 LP LP 1 Recurrent VH postoperatively, 


never returned for follow-up 
Dense transvitreal band p GSW 


with posterior exit; conversion 
reaction 





20/M/OS Pellet 

27/M/OS Pellet 

28 23/M/OD Pellet 
29 34/M/OD Pellet 
OS Pellet 


56/M/OD Pellet 


20/60 
18 1/200 20/25 
20/200 
15 HM HM 
18 LP 20/300 


Subretinal heme and RPE 
changes in macula 


6 Subretinal fibrosis /heme 


PVR / subretinal heme / ectopic 


macula, patient refused further 





surgery 
2 Detached, patient refused further 
surgery 


Macular e 
Macular exit site 


31 15/M/OD Pellet 0 LP LP 
24/M/OS Pellet 6 20/25 
24/M/OS Metal 0 20/400 
fragment 


VA indicates visual acuity; LP, light perception; NLP, no light perception; HM, hand motions; PVR, proliferative vitreoretinopathy; CF, counting fingers; RD, retinal de- 
tachment; PK, penetrating keratoplasty; VH, vitreous hemorrhage; GSW, gunshot wound; and RPE, retinal pigment epithelium. 


or near the equator, creating a prophylactic 
buckle of moderate height. 

Visual suecess was determined with the 
criteria of Ryan and Allen," in which func- 
tional success was defined as (1) preoper- 
ative visual acuity of light perception or 
hand motions improved to at least 5/200, as 
would be required for unaided ambulation, 
or (2) improvement of two Snellen lines in 
those eyes in which preoperative Snellen 
visual acuity was measured. Anatomic suc- 
cess was defined as successful reconstruc- 
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tion of the globe with the retina attached 
but with final visual acuity less than the 
above criteria. All other eyes in which 
functional or anatomic success was not 
achieved were considered failures, includ- 
ing those that were anatomically intact with 
no light perception visual acuity from non- 
retinal causes. 

Follow-up of at least 6 months was at- 
tempted for all eyes in which functional or 
anatomic success was achieved. This was 
possible for 32 of 41 such cases; in nine 


eases, the patient could not be contacted. 
Shorter periods of follow-up were allowed 
for eyes assigned to the failure group, be- 
cause no further visual change would have 
been anticipated once a no light perception 
visual acuity end point had been reached. 


RESULTS 


Fifty-one eyes of 48 patients under- 
went vitrectomy for perforating inju- 
ries of the globe during the 12-year 
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Patient Age, y/ 
No. Sex/Eye Injury 


36 29/F/OS Nail 

37 16/M/OS Nail 

38 22/M/OD Nail 

39 28/M/OS Nail 

40 35/M/OS Nail 

41 16/M/OS Nail 

42 35/M/OS Nail punch 
43 39/M/OS Knife 


Table 2.— Sharp Injuries * 


Pre- Post- 
operative operative Follow-up, 
VA mo 


20/40 

20/20 

20/20 

20/400 

HM 

20/200 

20/50 22 
0 


Comments 


PK (X2) 

Macular pucker / spontaneously peeled (partial) 
VA 20/40, then PVR, repair failed 

Failed PK, needs repeated PK 

Glaucoma 

Enucleated at vitrectomy 


44 6/M/OS Knife 120 CF 20/50 20 PK 


29/M/OD Knife 
46 37/M/OS Knife 
8/M/OD Knife 


12/F/OD Compass 


C] Functional 
C] Anatomic 
dB Failures 


% of Eyes 


Missile 


Overall 


Sharp 


Fig 1.—Percentage of eyes with functional 
success, anatomic success, or failure in the 
overall series, missile injury group, and sharp 


injury group. 


period. Forty patients were male, and 
eight were female. Twenty-four right 
eyes and 27 left eyes were treated. 
The mean age at the time of injury was 
25 years, with a range from 6 to 
61 years. The follow-up period ranged 
from 1 month to 38 months, with a 
mean of 11 months. Mean follow-up for 
the functional and anatomic success 
groups collectively was 13 months. 

In the overall series, functional suc- 
cess was attained in 32 eyes (63%), 
anatomic success was attained in nine 
eyes (17%), and 10 (20%) were failures 
(Fig 1). In 16 eyes (82%), visual acuity 
of 20/20 to 20/100 was attained; in 17 
eyes (33%), visual acuity of 20/200 to 
5/200 was attained; and in 18 eyes 
(35%), visual acuity of less than 5/200 
was attained (Fig 2). The 10 failures 
included one patient who underwent 
an immediate enucleation after at- 
tempted vitrectomy, six with irrepara- 
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C] Missile 
[ ] Sharp 
B Total 


% of Eyes 


Fig 2.—Final visual acuities in the missile 
injury group, sharp injury group, and total 
series. 


ble retinal detachments, two who were 
blind from glaucoma, and one with an 
expulsive hemorrhage at penetrating 
keratoplasty 1 month postoperatively. 
Missile injuries were seen more fre- 
quently than were injuries from sharp 
objects (Table 3) and overall portended 
a significantly worse visual prognosis 
(P<.02, Wilcoxon Rank-Sum test). 
While the rate of functional success 
achieved was only moderately lower in 
the missile injury group (55%) than in 
the sharp injury group (77%) (P=.32, 
Fisher’s Exact Test, two-tailed), the 
difference in final visual acuity levels 
between these groups was striking. Of 
the 38 eyes with missile injuries, 20/50 
or better visual acuity was achieved in 
only six (16%), while a visual acuity of 
at least 20/50 was achieved in eight 
(62%) of 13 patients in the sharp injury 





Subretinal fibrosis 





Table 3.—Causes of Perforation 


Cause No. 


Projectile injuries 
BB 
Shotgun pellet 
Metal foreign body 
Total 
Sharp injuries 
Nail 
Nail punch 
Knife 


Compass 
Total 


group (P=.003, Fisher’s Exact Test, 
two-tailed) (Fig 2). 

Final visual outcome correlated best 
with the postoperative status of the 
macula and the extent of direct or 
indirect macular injury (Table 4). Of 
the 19 eyes with relatively normal- 
appearing maculas, 15 had visual acu- 
ities of 20/100 or better. Twenty-four 
eyes demonstrated periretinal prolifer- 
ation in the macula or had direct in- 
volvement of the macula by the poste- 
rior exit wound (Fig 3). Twenty-three 
of these 24 eyes had visual acuities of 
20/200 or worse. Of the seven eyes in 
which the macula was detached, six 
had visual acuities of hand motions or 
worse. 

Retinal detachment was present at 
the time of surgery in only 15 eyes 
(29%) but generally portended a worse 
prognosis. Eight eyes ultimately un- 
derwent reattachment, but the re- 
maining eyes (including the enucleated 
eye) accounted for seven of the 10 
failures in the overall series. The inci- 
dence of retinal detachment in the 
missile injury group (12/38 [82%]) was 
similar to the incidence in the sharp 
injury group (3/183 [2396]. Thirty-six 
eyes had no evidence of retinal detach- 
ment at the time of vitrectomy. Twen- 
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Table 4.—Macular Status 


No. of 
Cases 


Macular Status 


Normal 

Scar, pucker, 
rupture 

Proliferative vitreoretinopathy, 
detachment 





Visual Outcome 


eer 


20/20-20/ 100 


20/200-5/200 «5/200 





Fig 3.— Postoperative appearance of a posterior exit site involving the macula. The visual acuity 
was 5/200. 


ty-nine of these eyes underwent pro- 
phylactic scleral buckling. There was 
no significant difference in the inci- 
dence of late retinal detachment be- 
tween those eyes that underwent pro- 
phylactic encircling and those eyes 
that did not. 

Preoperative visual acuity was of no 
prognostic value in predicting final vi- 
sual acuity. This is not surprising, 
given the limited range of preoperative 
visual acuities, with 44 of 51 eyes 
demonstrating hand motions or light 
perception only (Tables 1 and 2). Nine 
of ten eyes that were assigned to the 
failure group began with a preoper- 
ative visual acuity of light perception. 
This level of acuity was of no predic- 
tive value for any single eye, however, 
as seven of the remaining 22 eyes with 
light perception visual acuity achieved 
a 20/50 or better final acuity. 

The timing of vitrectomy appeared 
to have no bearing on the visual out- 
come. Eyes were divided into three 
groups according to the time interval 
from injury to vitrectomy: 0 to 7 days, 
8 to 14 days, and greater than 14 days. 
Final visual results were compared, 
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and no significant difference between 
groups was demonstrated. Six of the 
nine failures (excluding the enucle- 
ation) did undergo surgery during the 
first 7 days, but this trend toward 
poorer visual outcome with earlier sur- 
gical intervention was not statistically 
significant. 

The first half of the surgical series 
was compared with the second half. 
Twenty-six eyes underwent surgery 
between July 1978 and March 1983, 
and 25 underwent surgery between 
April 1983 and February 1990. Visual 
acuities were rank-ordered for each 
group, and the median final visual acu- 
ity for both groups was 20/400. The 
number of functional and anatomic suc- 
cesses achieved during eaeh time peri- 
od was virtually identical. There were 
five surgical failures in each group (Fig 
4). No trend toward improved visual 
outcomes was identified during the 
12-year period. 


COMMENT 


By definition, a penetrating injury 
refers to a structure that is partially 
cut or torn.” A corneal or scleral lacer- 


B July 1978-March 1983 
[  ] April 1983-February 1990 


% of Eyes 





Functional Anatomic Failure 


Fig 4.—Comparison of visual success rates 
in the first half of the surgical series with the 
second half. Median visual acuity was 20/400 
for both groups. 


ation, therefore, is a penetrating inju- 
ry of the globe. In a perforating injury, 
the structure is torn completely 
through.” In a perforating injury of 
the globe, therefore, a foreign object 
will have entered the eye through the 
cornea or sclera, traveled across the 
globe, and then exited the eye through 
the sclera.“ Many authors refer to 
these as “double-perforating” or “dou- 
ble-penetrating" injuries to identify 
them as separate from corneal or scler- 
al lacerations. The term double perfo- 
rating is anatomically incorrect, as it 
describes either two simultaneous for- 
eign bodies entering and exiting the 
globe or a single foreign body entering 
and exiting the globe and then being 
reflected back through the globe. The 
term double penetrating is anatomical- 
ly correct but is less specific than 
desired, because this term could also 
be used to describe two simultaneous 
foreign bodies penetrating the globe 
but not exiting posteriorly. The use of 
the phrase perforating injury without 
qualifying which structure was actual- 
ly perforated would also be incorrect. 
For these reasons, we believe the most 
accurate and specific term to describe 
the type of injury discussed herein is 
perforating injury of the globe. 

In the previtrectomy era, the prog- 
nosis of perforating injuries of the 
globe was poor. Drummond and Kie- 
lar” reported a final visual acuity of 
hand motions or worse in 85% of a 
series of 20 ocular shotgun injuries. 
The majority of these eyes had perfo- 
rating injuries of the globe. Adhikary 
et al’ grouped perforating injuries of 
the globe with severe anterior and 
posterior segment lacerations and with 
injuries with severe vitreous hemor- 
rhage. One third of these eyes were 
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enucleated, and only eight of 31 ob- 
tained a visual acuity of better than 
20/200. de Juan et al reviewed the 
trauma experience at The Wilmer In- 
stitute, Baltimore, Md, from 1970 to 
1981. In their series, the group with 
the poorest prognosis was the perfo- 
rating injury group; only three of 
18 eyes managed without vitrectomy 
obtained. a visual acuity of 5/200 or 
better. 

Clinieal studies have demonstrated 
the benefits of vitrectomy in the trau- 
matized eye. ^" Earlier studies in- 
cluded small numbers of patients with 
perforating injuries; therefore, the re- 
sults from a prognostic standpoint are 
somewhat diffieult to interpret. The 
first trauma series that included a 
large number of perforating injuries 
managed with vitrectomy was re- 
ported by Brinton et al." Ten (63%) of 
16 eyes obtained functional visual suc- 
cess, but it is not clear whether all 
patients underwent vitreous surgery. 
Subsequently, Ramsay et al” reported 
functional success in 10 (56%) of 
18 perforated eyes treated with vitrec- 
tomy, and anatomic success was re- 
ported in one additional case. Vatne 
and Syrdalen" reported an identical 
functional success rate of 5696 in 23 of 
41 perforating injuries managed with 
vitrectomy. To our knowledge, our 
clinical series is the largest reported to 
date. Our total success rate of 80% and 
functional success rate of 63% strongly 
support the use of vitrectomy in the 
management of perforating injuries of 
the globe. 

The type of injury that produced 
perforation of the globe was an impor- 
tant prognostic factor in determining 
the final visual outcome. While the 
globe salvage rate for missile and 
sharp object injuries was not statisti- 
cally different, eyes perforated by 
sharp objects were much more likely to 
achieve a 20/50 or better visual acuity. 
This finding is readily explained when 
one considers the forces acting on the 
eye at the moment of injury. BBs and 
pellets range from 3 to 5 mm in diame- 
ter^^ and require great energy to cre- 
ate a blunt opening of that size anteri- 
orly and continue through the eye to 
exit posteriorly." A BB is fired at a 
relatively low velocity, which, when 
coupled with its mass, results in a 
tremendous contusive force transmit- 
ted to the globe." Within our series, 
eyes perforated by BBs had the worst 
visual prognosis. Shotgun pellets are 
generally smaller than BBs and are 
fired at a much higher velocity. While 
this increases their total energy and 
therefore their ability to penetrate the 
globe, a substantial portion of their 
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energy is still transmitted to the eye in 
the form of a contusive injury. For 
both missiles, these blunt forces often 
result in damage to the macula in the 
form of severe commotio, macular dis- 
ruption, subretinal hemorrhage, or 
choroidal rupture. Visual results, 
therefore, would be expected to be 
limited in this group. Injuries from 
sharp objects, on the other hand, have 
much less associated contusive forces 
and should result in less indirect dam- 
age to the fovea. Our data confirm that 
if the initial sharp injury does not 
involve the macula directly, the inci- 
dence of visual loss as a result of late 
macular change is low. 

The incidence of rhegmatogenous 
retinal detachment in our series was 
low (29%). This contrasts with the 66% 
incidence of detachment in penetrating 
injuries of the posterior segment re- 
ported by Meredith and Gordon.” 
When one considers the severity of a 
perforating injury, this discrepancy is 
somewhat surprising. We observed a 
transient localized detachment extend- 
ing from the posterior exit site in one 
patient (patient 16) in whom the media 
was clear enough to observe before 
vitrectomy. This detachment sponta- 
neously resolved within 7 days as the 
exit wound was sealed. This specific 
sequence of events has been observed 
experimentally by Topping et al." Im- 
mediately after a perforating injury to 
the rabbit eye, a limited serous or 
serosanguineous detachment  encir- 
cling the wound was noted. No other 
detachment was seen. By 1 week, the 
retina was flat, presumably by sealing 
of the exit site by blood, vitreous, 
fibrin, and later by proliferation of 
fibroblasts, eliminating access of fluid 
to the subretinal space. The most im- 
portant problem may then become late 
traction retinal detachment from 
transvitreal traction and retinal 
tears” if vitrectomy is not performed 
or from proliferative vitreoretinopathy 
after vitrectomy is performed. 

The ideal timing for surgical inter- 
vention remains controversial. Most 
authors advocate delaying surgery for 
7 to 14 days." ^" In our series, there 
was a trend toward improved visual 
outcome when surgery was delayed for 
at least 7 days, but this was not statis- 
tieally significant. There are several 
praetieal considerations, however, for 
avoiding earlier surgery that are 
unique to the perforated eye. First, 
the posterior exit site has been shown 
experimentally to have sealed by 
4 days and to have more firmly sealed 
by 7 days." Our intraoperative obser- 
vation confirmed this finding, as early 
surgery resulted in a posterior leakage 


of fluid through the exit site. This 
made the procedure technically more 
diffieult and may have contributed 
negatively to the surgical outcome in a 
few cases. Second, delaying surgery 
allows for possible separation of the 
vitreous from the retina, making the 
procedure technically less difficult. We 
observed that when a posterior vitre- 
ous detachment does occur, it is usual- 
ly only partial. Vitreous typically re- 
mains densely adherent to the exit site 
and remains attached in a zone from 
the exit site anteriorly to the vitreous 
base. 

When the first half of the series was 
compared with the second half, no 
trend toward improved visual out- 
comes was identified. This was sur- 
prising, because surgical techniques 
and instrumentation improved greatly 
during the 12-year period. The experi- 
ence of other authors with vitrectomy 
for nontraumatic indications, such as 
diabetic traction detachment^" or vit- 
reous hemorrhage," suggests that vi- 
sual results generally improve as more 
experience is gained. It may be that in 
the perforated eye, the extent of the 
initial injury so greatly determines the 
visual outcome that improvement in 
instrumentation and experience has 
little or no effect on the final result. An 
alternative explanation is that case se- 
lection changed during the 12-year pe- 
riod. Visual results may have indeed 
improved for any given injury, but as 
more experience and confidence were 
gained, globes that were previously 
considered irreparable were submitted 
for surgical exploration and attempted 
repair. de Juan et al” offered a similar 
explanation to account for their finding 
of poorer visual results in eyes with 
penetrating injuries managed with vi- 
trectomy after June 1978 compared 
with those managed with vitrectomy 
before that date. 

This series does not include the en- 
tire range of clinical outcomes for all 
perforating injuries of the globe. Cer- 
tainly, a number of eyes are so disor- 
ganized with no light perception visual 
acuity from a perforating injury that 
they are never considered surgical can- 
didates. Instead, this series specifical- 
ly addresses those eyes in which gross 
stabilization of the anterior segment is 
possible and some level of visual func- 
tion is retained. From our data, it 
appears that the prognosis with vitre- 
ous surgery is favorable for salvage 
and restoration of useful vision in these 
eyes. 


emt, 
This study was supported by a-departm eile 
grant from Research to Prevage FA Inc; > 
New York, NY. 


Perforating Globe iures Marinei i s / 


1. de Juan E, Sternberg P, Michels RG. Pene- 
trating ocular injuries: types of injuries and visual 
results. Ophthalmology. 1983;90:1318-1322. 

2. Morris RE, Witherspoon CD, Feist RM, et al. 
Bilateral ocular shotgun injury. Am J Ophthalmol. 
1987;103:695-700. 

3. Roden D, Clearly P, Eustace P. A five-year 
survey of ocular shotgun injuries in Ireland. Br J 
Ophthalmol. 1987;71:449-453. 

4. Hill JC, Peart DA. The visual outcome of 
ocular birdshot injuries. S Afr Med J. 1986;70:807- 
809 


5. Muller-Jensen K. Doppelt perforierende Au- 
genverletzungen. Klin Monatsbl Augenheilkd. 
1964;145:754-758. 

6. Drummond J, Kielar RA. Perforating ocular 
shotgun injuries: relationship of ocular findings to 
pellet ballistics. South Med J. 1976;69:1066-1068. 

7. Adhikary HP, Taylor P, Fitzmaurice DJ. 
Prognosis of perforating eye injury. Br J Ophthal- 
mol. 1976;60:737-739. 

8. Bowen DI, Magauren DM. Ocular injuries 
caused by airgun pellets: an analysis of 105 cases. 
BMJ. 1973;1:333-337. 

9. Kreshon MJ. Eye injuries due to BB guns. 
Am J Ophthalmol. 1964;58:858-861. 

10. Topping TM, Abrams GW, Machemer R. 
Experimental double-perforating injury of the pos- 
terior segment in rabbit eyes: the natural history of 
intraocular proliferation. Arch Ophthalmol. 1979; 
97:735-742. 

11. Pilkerton AR, Rao NA, Marak GE, Wood- 
ward SC. Experimental vitreous fibroplasia follow- 
ing perforating ocular injuries. Arch Ophthalmol. 
1979;97:1707-1709. 

12. Cleary PE, Ryan SJ. Method of production 
and natural history of experimental posterior pene- 
trating eye injury in the rhesus monkey. Am J 
Ophthalmol. 1979;88:212-220. 

13. Cleary PE, Minckler DS, Ryan SJ. Ultra- 
structure of traction retinal detachment in rhesus 
monkey eyes after a posterior penetrating ocular 
injury. Am J Ophthalmol. 1980;90:829-845. 

14. Faulborn J, Topping TM. Proliferations in 


References 


the vitreous cavity after perforating injuries: a his- 
topathologieal study. Graefes Arch Klin Exp 
Ophthalmol. 1978;205:157-166. 

15. Winthrop SR, Cleary PE, Minckler DS, 
Ryan SJ. Penetrating eye injuries: a histopatholog- 
ical review. Br J Ophthalmol. 1980;64:809-817. 

16. Ussmann JH, Lazarides E. Ryan SJ. Trac- 
tion retinal detachment: a cell-mediated event. 
Arch Ophthalmol. 1981;99:869-872. 

17. Abrams GW, Topping TM, Machemer R. Vi- 
trectomy for injury: the effect on intraocular prolif- 
eration following perforation of the posterior seg- 
ment of the rabbit eye. Areh Ophthalmol. 
1979;97:743-748. 

18. Cleary PE, Ryan SJ. Vitrectomy in pene- 
trating eye injury: results of a controlled trial of 
vitrectomy in experimental posterior penetrating 
eye injury in the rhesus monkey. Arch Ophthalmol. 
1981;99:287-292. 

19. Gregor Z, Ryan SJ. Complete and core vi- 
trectomies in the treatment of experimental poste- 
rior penetrating eye injury in the rhesus monkey, I: 
clinical features. Arch Ophthalmol. 1983;101:441- 
445, 

20. de Juan E, Sternberg P, Michels RG, Auer 
C. Evaluation of vitrectomy in penetrating ocular 
trauma: a case-control study. Arch Ophthalmol. 
1984;102:1160-1163. 

21. Vatne HO, Syrdalen P. Vitrectomy in double 
perforating eye injuries. Acta Ophthalmol. 1985; 
63:552-556. 

22. Ramsay RC, Cantrill HL, Knobloch WH. 
Vitrectomy for double penetrating ocular injuries. 
Am J Ophthalmol. 1985;100:586-589. 

23. Ryan SJ, Allen AW. Pars plana vitrectomy 
in ocular trauma. Am J Ophthalmol. 1979;88:483- 
491. 

24. Sternberg P. Trauma: principles and tech- 
niques of treatment. In: Ryan SJ, ed. Retina. St 
Louis, Mo: CV Mosby Co; 1989;3:484-485. 

25. Yanoff M, Fine BS. Ocular Pathology: A 
Text and Atlas. New York, NY: Harper & Row 
Publishers Ine; 1989:143. 

26. Meredith TA, Gordon PA. Pars plana vitrec- 


Currently in Other AMA Journals 


AMERICAN JOURNAL OF DISEASES OF CHILDREN 


Brain and Ocular Abnormalities in Infants With In Utero Exposure to 


Cocaine and Other Street Drugs 
Rodrigo Dominguez, MD; Antonio Aguirre Vila-Coro, MD; 
John M. Slopis, MD; Timothy Bohan, MD, PhD 
(AJDC. 1991;145:688-695) 


Chief Resident Training: Developing Leadership Skills for 
Future Medical Leaders 
Robert A. Doughty, MD, PhD; Patricia D. William, MD; Charles N. Seashore, PhD 
(AJDC. 1991;145:639-642) 


956 Arch Ophthalmol— Vol 109, July 1991 


tomy for severe penetrating injury with posterior 
segment involvement. Am J Ophthalmol. 1987; 
103:549-554. 

27. Hutton WL, Snyder WB, Vaiser A. Vitrec- 
tomy in the treatment of ocular perforating inju- 
ries. Am J Ophthalmol. 1976;81:733-739. 

28. Benson WE, Machemer R. Severe perforat- 
ing injuries treated with pars plana vitrectomy. 
Am J Ophthalmol. 1976;81:728-732. 

29. Hutton WL. The role of vitrectomy in pene- 
trating ocular injuries. Trans Am Acad Ophthal- 
mol Otolaryngol. 1976;81:415-421. 

30. Conway BP, Michels RG. Vitrectomy tech- 
niques in the management of selected penetrating 
ocular injuries. Ophthalmology. 1978;85:560-583. 

31. Brinton GS, Aaberg TM, Reeser FH, Top- 
ping TM, Abrams GW. Surgical results in ocular 
trauma involving the posterior segment. Am J 
Ophthalmol. 1982;93:271-278. 

32. Sternberg P, de Juan E, Green WR, Hirst 
LW, Sommer A. Ocular BB injuries. Ophthalmolo- 
gy. 1984;91:1269-1277. 

33. Ford JG, Barr CC. Penetrating pellet frag- 
mentation: a complication of ocular shotgun injury. 
Arch Ophthalmol. 1990;108:48-50. 

34. Tillett CW, Rose HW, Herget C. High- 
speed photographic study of perforating ocular in- 
jury by the BB. Am J Ophthalmol. 1962;54:675- 
688 


35. DeLori F, Pomerantzeff O, Cox MS. Defor- 
mation of the globe under high-speed impact: its 
relation to contusion injuries. Invest Ophthalmol 
Vis Sci. 1969;8:290-301. 

36. Aaberg TM. Clinical results in vitrectomy 
for diabetic traction retinal detachment. Am J 
Ophthalmol. 1979;88:246-253. 

37. Aaberg TM. Changing perspectives on vi- 
trectomy for complications of diabetic retinopathy. 
Am J Ophthalmol. 1983;95:115-117. 

38. Michels RG, Rice TA, Rice EF. Vitrectomy 
for diabetic vitreous hemorrhage. Am J Ophthal- 
mol. 1983;95:12-21. 


Perforating Globe Injuries— Martin et al 


ho 


Improved Visualization of Macular Hole 
Lesions With Laser Biomicroscopy 
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e We have developed instrumentation 
to improve the visualization of fine 
vitreoretinal structures at the macula 
during slit-lamp biomicroscopy. The in- 
strument, mounted on a slit-lamp micro- 
scope, used a green helium-neon laser to 
deliver a narrow beam, 15 um in width 
and 2 mm in length. The intersection of 
the laser slit with the ocular structures 
was viewed at an angle, as in conven- 
tional slit-lamp biomicroscopy. The in- 
strument was used to examine patients 
with idiopathic macular holes or cysts. 
The results indicated that the new illumi- 
nation was superior due to the narrow 
width of the beam, the enhanced bright- 
ness, and the monochromacy in green, 
which reduced background scatter. 
These advantages allowed for visualiza- 
tion of fine retinal structures that are 
difficult to detect with conventional slit- 
lamp biomicroscopy. The findings in pa- 
tients with idiopathic macular hole dem- 
onstrated that the operculum was 
located approximately 500 ,.m anterior to 
the surrounding retina and moved mini- 
mally. This suggested that the opercu- 
lum may be supported by partially de- 
tached posterior vitreous cortex, and 
that a macular hole is the result of tan- 
gential traction followed by axial traction 
caused by a contracted and detached 
cortical vitreous gel. 
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ecent studies" reported that the 

release of vitreous traction by vit- 
reous surgery could prevent the for- 
mation of a full-thiekness macular hole 
in patients with impending idiopathic 
macular holes. A multicenter, random- 
ized, controlled, clinical trial was be- 
gun to test the value of prophylactic 
vitreetomy in eyes with impending 
macular holes." In this study, symp- 
tomatic fellow eyes diagnosed as hav- 
ing stage 1 macular hole lesions, ac- 
cording to the classification developed 
by Gass* and Johnson and Gass,’ are 
randomized to either vitrectomy or 
observaton. Gass' described the de- 
tachment of the foveal retina as the 
earliest stage of idiopathic macular 
hole (stage 1). A yellow spot or ring at 
the fovea and loss of foveolar depres- 
sion were observed on slit-lamp biomi- 
croscopy in typical cases.*^ However, a 
recent study by Gass and Joondeph" 
demonstrated that only one among 21 
eyes of 18 patients referred to their 
clinic for suspected impending stage 1 
macular hole actually had a stage 1 
hole. They suggested that the incor- 
rect diagnosis was mostly due to the 
incorrect interpretation of the biomi- 
croscopic findings. 

Slit-lamp biomicroscopy is clinically 
used to view the retina and its vicinity 
by illuminating the fundus with a nar- 
row beam of white light and viewing, 
at an angle, its intersections with the 
ocular structures. Although often use- 
ful, this procedure is limited for resolv- 
ing thin layers such as the retina at the 
macula and faint structures such as 
vitreous membranes. The limitation is 
due to (1) intensive scatter of some 
components of the white light beam, 
especially from the choroid, which cre- 
ates a background and reduces the 


contrast; (2) excessive width of the slit 
hindering the resolution of ill-sepa- 
rated slit intersections in thin tissues; 
and (8) insufficient light intensity when 
attempting to narrow down the beam 
or place a filter. To overcome some of 
these difficulties, we developed an op- 
tieal device, mounted on the slit-lamp 
microscope, designed to deliver a nar- 
row laser beam at the focal plane. This 
device was originally developed as part 
of a new instrument to measure nonin- 
vasively the thickness of the sensory 
retina." The rationale was that a laser 
beam is advantageous because it is 
monochromatie, can be focused to a 
diffraction-limited spot,' and still pro- 
vides a high, although safe, intensity. 
We herein describe the laser delivery 
system and the results of its use 
in examining patients with macular 
holes. 


SUBJECTS, MATERIALS, 
AND METHODS 


Description of the Instrument 


The laser delivery was similar to that 
described in our method to noninvasively 
measure the retinal thickness." It was 
mounted on a slit-lamp biomicroscope (Carl 
Zeiss f-160, Carl Zeiss, Thornwood, NY) 
set at a magnification setting of x2.5. It 
employed a green helium-neon laser (Melles 
Griot, San Marco, Calif) operating at 543 
nm and dedicated optics. The wavelength 
was chosen due to the minimal scatter from 
the choroid that also enhances the contrast 
of fundus photographs." The laser beam 
was expanded to reduce the diffraction limit 
to the focal spot. The expanded beam was 
steered toward the eye by a mirror, focused 
by the objective of the biomicroscope, and 
expanded vertieally by a cylindrical lens. 
This resulted in the slanted projection of a 
beam 15 pm in width and 2 mm in length, at 
a power of 60 uW. The intersection be- 
tween the laser slit and the tissues was 
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viewed at an angle of 12° through the 
second optical path of the microscope. The 
refractive power of the cornea was nulled 
with a contact lens consisting of a hollow 
chamber covered by a thin glass plate. Once 
placed on the eye, the contact lens was 





Fig 1.—Photograph of the fovea with laser 
biomicroscopy in a normal individual. The in- 
tersection of the laser slit with the retina indi- 
cates a normal foveal depression and a sepa- 
ration between the anterior (open arrow) and 
posterior (solid arrow) reflections. The laser 
beam is coming from the left side of the photo- 
graph. The central dark area and the digits 
are projections of the targets in the illumina- 
tion path. 


filled, through a tubing, with artificial 
tears. 

A transparent photographic film with a 
black target pattern of numbers was added 
in the path of the illumination and projected 
on the retina. This provided the patient 
with a target for fixation at different eccen- 
tricities and permitted the examiner to 
block the illumination light at the location of 
the laser slit. 

To illustrate the visualization achieved by 
laser biomicroscopy, the intersection of the 
slit with the retina was photographed on 
film via a beam splitter and conventional 
imaging optics. Photographs were taken as 
follows: the laser shutter was activated for 
0.075 to 0.12 seconds to increase the inten- 
sity to 400 uW, the intensity of the illumi- 
nating light of the slit-lamp biomicroscope 
was increased, and the camera was acti- 
vated. The exposure of the increased laser 
intensity was determined by the clarity of 
the ocular media. An enlarged (magnifica- 
tion x 3) image of the fundus was recorded 
on film along with an image of the intersec- 
tion. A typical image of the fovea in a 
normal subject is shown in Fig 1. The image 
of the retinal intersection with the laser 
beam clearly shows normal foveal depres- 
sion and separation between the anterior 
and posterior reflections from the retina. 


Subjects 


Patients who were referred to the 
Vitreoretinal Service at the University of 
Illinois at Chicago Eye Center with a diag- 
nosis of macular hole or cyst were studied. 
The patients were fully informed of the 
purpose of the study, and only those who 
were willing to participate were enrolled in 
the study. Their consent was obtained be- 
fore the initiation of the study. Routine eye 
examinations, including visual acuity mea- 


surement, tonometry, and slit-lamp biomi- 
croscopic examination of the anterior seg- 
ments, were performed. After pupillary 
dilation, the fundus was examined by a 
retinal specialist (N.P.B.) with the use of an 
indirect ophthalmoscope and a slit-lamp bio- 
microscope with a Goldmann contact lens. 
Conventional color fundus photographs and 
fluorescein angiograms were obtained. The 
patients were then examined with laser 
biomicroscopy by a different ophthalmolo- 
gist (Y.O.), who was masked to the results 
of the conventional examinations. 


Report of Cases 


CASE 1.— An 82-year-old man underwent 
follow-up for preretinal membranes in both 
eyes. His visual acuity was 20/25 OD and 
20/60 OS. Mild nuclear cataracts, especially 
in the left eye, were seen in slit-lamp 
examination. Conventional fundus examina- 
tion with slit-lamp biomicroscopy and indi- 
rect ophthalmoscopy disclosed that a prere- 
tinal membrane was overlying the macular 
region in both eyes. The fovea in the right 
eye showed an irregular zone of lucency 
without retinal thickening, which led the 
examiner to suspect a diagnosis of macular 
cyst or partial hole. On color fundus photog- 
raphy, only a slight pigmentary change at 
the fovea was noticed (Fig 2, left) No 
foveal hyperfluorescence was seen on fluo- 
rescein angiography. Laser biomicroscopy 
revealed that the retina was elevated at the 
fovea, causing a loss of normal foveal de- 
pression (Fig 2, center). This was interpret- 
ed as a localized foveal retinal detachment 
due to traction from the preretinal mem- 
branes along the retinal surface and radial 
from the fovea (referred to as a tangential 
traction). In addition, a small defect of the 
anterior retinal reflection was noticed 
slightly nasal to the fovea (Fig 2, right), 


Fig 2.—Right eye of patient 1 (82-year-old man). Left, Fundus photograph. An irregular zone of lucency was seen at the 
fovea during routine slit-lamp biomicrocopy. Visual acuity was 20/25. Center and Right, Photographs with laser biomicros- 
copy. The images were enlarged 20% more than that in Fig 1. Center, The foveal retina is elevated, and the normal 
depression is absent (arrow). Right, The anterior retinal reflection is interrupted (arrowhead) at the margin of the foveal 
detachment. The laser beam is coming from the left side of both photographs. 
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Fig 3.—Left eye of patient 2 (50-year-old woman). Left, Fundus photograph. A full-thickness macular hole with surrounding 
retinal detachment is present. Visual acuity was 20/200. Right, Photograph with laser biomicroscopy. An operculum is 
present over the hole (open arrow). The retina is detached around the hole (solid arrows). The laser beam is coming from the 
left side of the photograph. The image was enlarged 20% more than that in Fig 1. 


implying that a hole was beginning to form 
at the margin of the foveal detachment. The 
image of a single slit was wider than in the 
normal retina due to increased scatter in 
the retina following pathologic changes. 
CASE 2.—A 50-year-old woman was re- 
ferred after she underwent penetrating 
keratoplasty and cataract extraction. Her 
cataracts were removed in 1978 (left eye) 
and 1980 (right eye). Corneal transplanta- 
tion was performed on the left eye in 1981 
because of interstitial keratitis since child- 
hood. The macular hole in the left eye was 
diagnosed in September 1981 after kerato- 
plasty. The patient had a history of high 
myopia in both eyes and amblyopia in the 
right eye. Her visual acuity was 20/400 OD 
and 20/200 OS. On slit-lamp biomicroscopy, 
a full-thickness macular hole with surround- 
ing epiretinal membrane was observed in 
the left eye. A localized retinal detachment 
was also noticed around the hole. Yellowish 
deposits were seen on the retinal pigment 
epithelium at the base of the hole (Fig 3, 
left). Although no operculum was noticed 
with conventional examination, laser biomi- 
croscopy revealed the presence of an oper- 
culum over the macular hole and, during 
examination, it was found to be attached to 
the edge of the hole (Fig 3, right). The 
operculum was located slightly anterior to 
the level of the inner surface of surrounding 
retina and did not.move with the posterior 
vitreous gel, although an apparent posteri- 
or vitreous detachment was noticed. The 
photograph also showed localized retinal 
elevation around the margin of the hole and 
increased scatter in slit images, as in case 1. 
CASE 3.—A 79-year-old woman was re- 
ferred because of recent visual loss in the 
right eye. Her visual acuity was 20/160 OD 
and 20/25 OS. The anterior segments ap- 
peared normal. An apparent posterior vit- 
reous detachment was observed in both 
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eyes. Fundus examination revealed a full- 
thiekness macular hole in the right eye (Fig 
4, left) Preretinal fibrosis and retinal eleva- 
tion at the margin of the hole were also 
notieed but no operculum was detected. 
Transmitted hyperfluorescence was ob- 
served at the hole on fluorescein angiogra- 
phy. Examination with laser biomicroscopy 
showed a faint reflection from membranous 
tissue over the macular hole (Fig 4, right). 
The tissue was located anterior to the level 
of the surrounding retina and moved mini- 
mally, similarly to case 2. The findings were 
interpreted as an attenuated foveolar retina 
supported by a posterior vitreous mem- 
brane overlying the macular hole. The pos- 
terior slit image was diffuse, most probably 
due to the defocusing (the sharp focus was 
placed at the level of the membrane). 

CASE 4.—A 60-year-old woman with a 
diagnosis of macular hole in the right eye 
had been followed up in another service for 
15 months for bilateral granulomatous irido- 
cyelitis. Her visual acuity was 20/400 OD 
and 20/40 OS. Both lenses showed mild 
nuclear sclerosis, and posterior subcapsular 
opacity was detected in the right lens. 
Fundus examination revealed a full-thick- 
ness macular hole with surrounding sensory 
retinal elevation and a preretinal membrane 
in the right eye. In the left eye, a preretinal 
membrane and a yellowish round lesion 
were noticed at the foveal region on slit- 
lamp biomicroscopy and ophthalmoscopy 
(Fig 5, left). A macular cyst was suspected 
in the left eye. However, with the aid of 
laser biomicroscopy, it was noticed that a 
vitreous condensation that obscured the 
retinal image by the laser light was present 
in front of the fovea (Fig 5, right). The 
foveal retina appeared to have a normal 
depression at the center without cyst for- 
mation and a thickness comparable with 
that of the normal retina. These findings 


were considered consistent with the pres- 
ence of a pseudo-operculum. 


COMMENT 


The results of this study demon- 
strate that fine retinal structures at 
the fovea, which are difficult to detect 
with conventional slit-lamp biomicros- 
copy, could be better visualized with 
laser biomicroscopy. The advantages 
of the laser illumination stem from its 
monochromacy in green, which en- 
hances contrast of faint structures in 
front of choroidal background, and its 
low divergence, which yields a diffrac- 
tion-limited focal spot without loss in 
intensity. Although photography was 
used to demonstrate the results in this 
study, the method is intended for live 
observation during which the amount 
of information is actually superior to 
that in the photographs. This is due to 
the fact that small eye motions smear 
the speckle pattern and that the ob- 
server integrates and processes the 
information. The other significant dif- 
ference between our technique and 
conventional biomicroscopy resides in 
the way the corneal power is nulled. In 
clinical practice one typically uses a 
flat contact lens made of glass or plas- 
tic. However, the difference in the 
index of refraction between the eye 
and these materials along with the 
curvature of the surface at the cornea 
create a negative-powered lens that 
reduces the separation by 30%. By 
replacing the lens material with water, 
the refractive power of the eye, except 
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Fig 4.—Right eye of patient 3 





(79-year-old woman). Left, Fundus photograph. A full-thickness macular hole with 


surrounding retinal detachment is present along with deposits on the retinal pigment epithelium. Visual acuity was 20/160. 
No operculum is visible. Right, Photograph with laser biomicroscopy. A faint reflection, considered to be the attenuated 
foveolar retina, is present anterior to the hole (arrow). The laser beam is coming from the left side of the photograph. The 
distance to the surrounding retina is approximately 500 pm. 


Fig 5.— Left eye of patient 4 (60-year-old woman). Left, Fundus photograph. A lesion (yellow on color prints) is seen at the 





fovea (arrowhead). Visual acuity was 20/40. Right, Photograph with laser biomicroscopy. The fovea is partially obscured by 
the vitreous condensation (arrow). The foveal retina appears to conserve a normal depression. The laser beam is coming 


from the left side of the photograph. 


for that of the crystalline lens, is nulled 
and the magnification is unity. This 
improvement in magnification is signif- 
icant when the resolution is crucial, 
but is accompanied by a reduced field 
of view. Plastic or glass lenses with 
concave magnifying front surfaces 
have been used to increase the magni- 
fication, but their disadvantage is that 
as magnification exceeds unity, the 
combined magnification depends on 
the axial length of the eye. 

The safety of the laser illumination 
can be evaluated with the aid of Amer- 
ican National Standards Institute stan- 
dards.” According to the standards, 
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intrabeam viewing conditions are pre- 
sent when the retinal spot subtends an 
angle below a certain threshold. For an 
exposure time exceeding 10 seconds, 
the angle corresponds to a retinal spot 
400 um in diameter. The width of the 
laser beam definitely falls within this 
limit and one can consider the length 


as five independent linear segments of 


400 um. The rationale for the nonaddi- 
tive nature of these segments stems 
from the fact that each segment con- 
tributes practically no heat to the adja- 
cent one because the narrow connec- 


tion ensures rapid lateral diffusion of 


heat. Thus, the viewing intensity is 


that of a 400 x 15-jum slit of 12 pW that 
can be viewed safely for 6 minutes. 
Similarly, the higher intensity deliv- 
ered during photography is safe for 50 
seconds. As a comparison, aiming 
beams of commercial argon laser pho- 
tocoagulator have irradiances between 
20 and 80 uW. These evaluations indi- 
cate that the method used in this study 
is safe because the slit is never on the 
same area for more than 1 minute and 
the photography necessitates only a 
fraction of a second. 

We have used the instrument de- 
scribed herein in patients with macular 
holes. Early and accurate diagnosis of 
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macular holes has become important 
since recent studies have suggested 
that vitrectomy could prevent the pro- 
gression of the hole and further visual 
loss." Gass recently introduced the 
concept of tangential traction from the 
posterior vitreous surface, which 
causes loss of the normal foveolar de- 
pression and localized detachment of 
the fovea (stage 1).*° Case 1 corre- 
sponded to such a stage. In cases 2 and 
3, we demonstrated that the opercu- 
lum was located anterior to the inner 
surface of the surrounding retina and 
that it did not move with the move- 
ment of posterior vitreous gel. Both 
cases involved apparent posterior vit- 
reous detachment. The distance be- 
tween the operculum and the inner 
retinal surface was estimated to be 
approximately 500 jum. Similar find- 
ings were noted by others in some of 
their patients with macular hole. *'" 
These findings suggest that the oper- 
eulum may be supported by the poste- 
rior vitreous cortex that is detached 
but remains close to the retina in the 
foveal region, despite the anterior dis- 
placement of the vitreous gel. This is 
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in agreement with the observation by 
Kishi et al^ that vitreous cortex can 
remain at the fovea after posterior 
vitreous detachment. Kishi et al" also 
recently documented the presence of a 
pocketlike lacuna (posterior precortical 
vitreous pocket) immediately anterior 
to the posterior pole in postmortem 
human eyes as well as living eyes. 
Smiddy et al' also noticed during vi- 
trectomy for impending macular holes 
that a thin cortical vitreous membrane 
was present on the retina intraopera- 
tively, despite apparent posterior vit- 
reous detachment. 

These observations support the 
pathophysiologic characteristics of the 
progression of idiopathic macular holes 
suggested by Gass’ and Johnson and 
Gass’: (1) early contraction of posterior 
vitreous cortex causing foveal eleva- 
tion by tangential traction and (2) fur- 
ther contraction and partial detach- 
ment of the cortical gel tearing the 
foveal retina anteriorly by axial 
traction. 

A pseudo-operculum was diagnosed 
in case 4. Foveal thickness was compa- 
rable with that of the normal eye. The 
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Vitreous Photography With a +90-Diopter Double Aspheric 
Preset Lens vs the El Bayadi-Kajiura Preset Lens 


Akihiro Kakehashi, MD; Jun Akiba, MD; Clement L. Trempe, MD 


e Two fundus lenses, a 90-diopter pre- 
set lens and a 58.6-diopter El Bayadi-Ka- 
jiura lens, were compared. The lenses 
were evaluated with regard to their op- 
tics, magnification, field of view, and 
photographic usefulness in photograph- 
ing the posterior vitreous. The 90-diopter 
lens provided a wider field of view but 
lower magnification. Both lenses permit- 
ted high-quality vitreous photographs 
through the slit lamp, but the 90-diopter 
lens allowed photographs to be taken 
through small pupils and some lens 
opacities. 

(Arch Ophthalmol. 1991;109:962-965) 


Several types of highly positive pre- 

set lenses have been developed re- 
cently for indirect ophthalmoscopy and 
biomicroscopic examination. For the 
first time, El Bayadi' advocated use of 
a highly positive lens for vitreous and 
fundus examination. Although the 
original El Bayadi lens had many ad- 
vantages in vitreous and fundus exami- 
nations, it was not widely accepted 
because of aberration and difficulty of 
use. Kajiura et al’ developed a +58.6- 
diopter (D), double aspheric lens from 
this lens, and Takahashi et al used an 
El Bayadi-Kajiura lens in slit-lamp 
photography of vitreoretinal disorders. 
The role of the vitreous in many vi- 
treoretinal disorders has been clarified 
by the use of the El Bayadi-Kajiura 
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lens." However, it is not used widely 
because the El Bayadi-Kajiura lens is 
still a prototype. Therefore, to evalu- 
ate vitreous photography, we com- 
pared vitreous photographs obtained- 
with the commercially available 
+90-D preset lens (Nikon, Tokyo, Ja- 
pan) with those obtained with the El 
Bayadi-Kajiura lens (Nikon). 


MATERIALS AND METHODS 


Nine hundred seventy-three eyes of 624 
consecutive patients who were referred to 
the Retina Associates, Boston, Mass, were 
examined and photographed by the same 
examiner using both the +90-D preset lens 
and the El Bayadi-Kajiura lens and a pho- 
tographic slit lamp (Carl Zeiss Jena, Ober- 
kocken, Germany). Each lens was mounted 
on a photographic slit lamp and centered 
along its axis with a special lens holder (Fig 
1) Photographie conditions were the same 
for each photograph obtained, except for 
the illumination-observation angle: magnifi- 
cation ( X16), slit width (—0.2 mm), width 
of aperture diaphragm (12 mm), flash inten- 
sity (480 watt-seconds), and flash period 
(0.04 seconds) of the photographie slit lamp. 
ASA 800/1600 color reversal film (Kodak 
Ektachrome P800/1600, Eastman Kodak 
Co, Rochester, NY) was used for each 
patient and was processed in the same 
manner. To minimize reflection from the 
preset lens, cornea, and crystalline lens, 
both preset lenses were tilted 6°, and the 
illumination-observation angle of the photo- 
graphic slit lamp usually was set 17° with 
the El Bayadi-Kajiura preset lens and 23° 
with the +90-D preset lens. To focus on the 
posterior vitreous, the back surface of the 
preset lens was set about 10 to 15 mm from 
the cornea with the El Bayadi-Kajiura pre- 
set lens and about 4 to 6 mm from the 
cornea with the +90-D preset lens. The 
optical diagrams of both lenses are shown in 
Fig 2. Through both lenses, a real, invert- 


ed, slit-lamp fundus image can be brought 
into focus by moving the lenses toward the 
patient’s eye. With the +90-D lens, the 
working distance is shorter and the magnifi- 
cation is smaller than with the El Bayadi- 
Kajiura lens. In addition, the field of view is 
wider and the optical pathway is smaller 
with the +90-D lens. 


REPORT OF CASES 


CASE 1.—A 71-year-old woman com- 
plained of a floating spot in her left eye 
(visual acuity, 20/15). Vitreous photographs 
showed posterior vitreous detachment. A 
prepapillary glial ringlike tissue on the pos- 
terior hyaloid membrane was seen. Howev- 
er, the magnification of the view was great- 
er and the field of view was smaller in the 
photograph obtained with the El Bayadi- 
Kajiura lens (Fig 3, top) than when the 
+90-D preset lens was used (Fig 3, bot- 
tom). Each photograph exhibited this condi- 
tion equally well. 

CASE 2.—Vitreous photographs of the 
right eye of a 73-year-old woman (visual 
acuity, 20/80) showed partial posterior vit- 
reous detachment with vitreous traction to 
the macula and some asteroid bodies in the 
vitreous gel. Despite recurrent ocular rota- 
tion, the posterior vitreous never separated 
from the macula, and the posterior hyaloid 
membrane was taut. Cystoid macular ede- 
ma was noted. Magnification of the view 
was greater and the field of view was 
smaller in the photograph obtained with the 
El Bayadi-Kajiura lens (Fig 4, top) than in 
that obtained with the +90-D preset lens 
(Fig 4, bottom). The photograph obtained 
with the former lens exhibited the focal 
lesion better because of the increased 
magnification. 

CASE 3.—An 85-year-old man had a mild 
cortical cataract and macular degeneration 
of the left eye (visual acuity, 20/50). Al- 
though both photographs exhibited posteri- 
or vitreous detachment, the photograph 
obtained with the +90-D lens (Fig 5, bot- 
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tom) was judged to be better than that 
obtained with the El Bayadi-Kajiura lens 
(Fig 5, top). A part of the optical section of 
the crystalline lens was noted on the right 
side of the photograph. In this case, the 
illumination-observation angle was set nar- 
rower than usual (15? in the El Bayadi-Ka- 
jiura lens and 20° in the +90-D preset lens), 
so that the slit beam could avoid the most 
opacified part of the crystalline lens. 

CASE 4. — An 87-year-old woman had un- 
dergone intraocular lens implantation in her 
left eye (visual acuity, 20/40). Opacification 
of the posterior capsule was noted, except 
at the center of the pupil, where YAG laser 
capsulotomy had been performed (Fig 6, 
left). Despite repeated administration of 
phenylephrine hydrochloride, the pupil was 
dilated about 6 mm; the diameter of the 
capsulotomy was about 3 mm. Biomicrosco- 
pie vitreous examination with both preset 
lenses revealed posterior vitreous detach- 
ment. 

The photograph obtained with the + 90-D 
lens (Fig 6, right) exhibited posterior vitre- 
ous detachment better than that obtained 
with the El Bayadi-Kajiura lens (Fig 6, 
middle). Slight reflection from the intraocu- 
lar lens and optical section of the posterior 
capsule was noted on the right side of the 
photograph obtained with the +90-D pre- 
set lens. In this case, the illumination- 
observation angle was set narrower than 
usual (15? in the El Bayadi-Kajiura lens and 
20° in the +90-D preset lens), so that the 
slit beam could penetrate the small pupil. 


COMMENT 


Photographie documentation of the 
vitreous is important to the under- 
standing of vitreoretinal disorders. 
High-quality vitreous photographs ob- 
tained with the El Bayadi-Kajiura lens 
were obtained by Takahashi et al.” 
Double aspherical positive preset 
lenses have numerous advantages 
compared with other lenses, because 
they provide a wide observation-illu- 
mination angle with maximum vitreous 
mobility, large image size, low reflec- 
tion from the lens surface, and low 
distortion. We obtained almost the 
same photographic quality with the 
+90-D lens compared with the El 
Bayadi-Kajiura lens. The magnifica- 
tion of a photograph obtained with the 
+90-D preset lens is smaller, but the 
field of view is wider than can be 
obtained with the El Bayadi-Kajiura 
lens. We were able to obtain vitreous 
photographs with the +90-D preset 
lens, even in patients with small pupils 
and cataracts. The pupil size as an 
optical pathway for the +90-D lens is 
smaller than that for the El Bayadi- 
Kajiura lens, because the focal length 
of the +90-D preset lens is shorter. In 
addition, the diameter of the lens is 
larger than that of the El Bayadi-Ka- 
jiura lens, so a much larger field of 
view can be obtained than when the El 
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Fig 1.—A -- 90-diopter preset lens (A) attached to a photographic slit lamp (B) by a lens holder 
(C), which is moved back and forth manually to focus. 


EBK Lens 


Illumination 


+90-D Lens 


Illumination 


Observation 





Observation 


Slit-lamp Microscope 


[e 
Iris: 
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Fig 2.-Optical diagrams of an El Bayadi-Kajiura (EBK) lens and a + 90-diopter (D) lens. 


Bayadi-Kajiura lens is used. The same 
principle applies to indirect ophthal- 
moscopy, with which we obtain the 
largest field of view with a large-diam- 
eter lens of high refractive power, and 
this type of lens is suitable when exam- 
ining small pupils and cataracts. A 
minor problem with the +90-D preset 
lens is the short working distance. 


When focusing on the more anterior 
portions of the vitreous, patients eye 
lashes sometimes touch the back sur- 
face of the preset lens. Characteristics 
of each preset lens are shown in the 
Table. 

Some technical problems exist when 
vitreous photographs are obtained 
when the preset lens is held manually. 
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Fig 3.—Case 1. Top, Vitreous photograph 
obtained with an El Bayadi-Kajiura lens. Bot- 
tom, Vitreous photograph obtained with a 
+90-diopter preset lens. A prepapillary glial 
ringlike opacity (A) was observed in the pos- 
terior hyaloid membrane (B). 


Fig 4.—Case 2. Top, Vitreous photograph 
obtained with an El Bayadi-Kajiura (EBK) 
lens. Bottom, Vitreous photograph obtained 
with a + 90-diopter (D) preset lens. Taut pos- 
terior hyaloid membrane (A) is attached to the 
cystoid macular edema (B). Some asteroid 
bodies (C) were recognized in the vitreous 
gel. The photograph obtained with the EBK 
lens exhibits this focal lesion better than does 
that obtained with the + 90-D preset lens be- 
cause of greater magnification. 


Fig 5.-Case 3. Top, Vitreous photograph ob- 
tained with an El Bayadi-Kajiura (EBK) lens. 
Bottom, Vitreous photograph obtained with a 
- 90-diopter (D) preset lens. The posterior 
vitreous (A) can be seen in the photograph 
obtained with the -- 90-D preset lens better 
than in the photograph obtained with the EBK 
lens in a patient with cataract. B indicates part 
of the optical section of the crystalline lens. 


Characteristics of +90-Diopter (D) Preset Lens and an El Bayadi-Kajiura (EBK) 


Characteristics 


Preset Lens 


+90-D 
Preset Lens 


EBK Lens 














Diameter, mm 


Magnification 


Field of view, 


Working distance, mm 
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+90. 1 


22 (effective 
diameter, 20 5) 


X0.65 














+58.6 


19.5 (effective 
diameter, 18) 





60 
4-6 
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Fig 6.— Case 4. Left, Photograph of a dilated eye. Middle, Vitreous photograph obtained with an El 
Bayadi-Kajiura (EBK) lens. Right, Vitreous photograph obtained with a + 90-diopter (D) preset lens. The 
posterior vitreous (A) was recognized in the photograph obtained with the + 90-D preset lens better than 
in the photograph obtained with the EBK lens in a case of small pupil and pseudophakia with YAG laser 
capsulotomy. Note slight reflection from the intraocular lens (B) and optical section of the posterior 
capsule (C). 


It is diffieult to place the slit beam 
centrally in a photograph when the 
lens is not mounted on a photographic 
slit lamp. Occasional artifactual light 
reflections from the lens surface can be 
avoided by tilting the lens 6°.” A lens 
mounted on a photographic slit lamp 
and centered along its axis with a 
special lens holder can improve the 
accuracy of tilting the lens 6° and can 
overcome the problem of placing the 
slit beam at the exact center of a 
photograph; hence, this equipment 
makes photographing the vitreous eas- 
ier and improves the quality of the 
photographs. 

The main advantages of use of the 
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+90-D preset lens compared with the 
El Bayadi-Kajiura lens are a wider 
field of view and visualization through 
small pupils and cataracts. The disad- 
vantages are a lower magnification of 
view and short working distance. 
However, there is not a great differ- 
ence in clinical evaluation of the vitre- 
ous condition. Both sets of photo- 
graphs exhibited vitreoretinal changes 
well. We obtained vitreous photo- 
graphs of comparable quality by using 
either the +90-D preset lens or the El 
Bayadi-Kajiura lens. Vitreous exami- 
nation and photography with the use of 
highly positive preset lenses can con- 
tribute to a better understanding and 
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Age-Related Differences in the 
Human Vitreoretinal Interface 


J. Sebag, MD 


e Age-related differences in vitreo- 
retinal adhesion were investigated in 59 
human eyes from donors aged from 33 
weeks of gestation to 94 years with the 
use of dark-field and electron microsco- 
py of whole vitreous. In all eyes from 
individuals aged 21 years or older, dis- 
section of the retina off the vitreous 
resulted in cleavage between the vitre- 
ous cortex and the internal limiting lami- 
na. However, in six (4096) of 15 eyes from 
individuals aged 20 years or younger, the 
internal limiting lamina remained adher- 
ent to the vitreous cortex in an area that 
encompassed the macula, temporal ar- 
cades, and peripapillary posterior pole. 
Ultrastructural studies revealed inner 
portions of Müllers cells that were at- 
tached to the posterior aspect of the 
internal limiting lamina. These results 
suggested that, in youth, there is adhe- 
sion between the vitreous cortex and 
internal limiting lamina that is stronger 
than Müller's cell itself and is topographi- 
cally more extensive than previously 
thought. 

(Arch Ophthalmol. 1991;109:966-971) 


[ mportant pathologic processes occur 

at the interface between the vitre- 
ous and retina. Vitreous traction on 
the peripheral retina causes retinal 
tears’ and retinal detachment.^' In the 
macula, axial’ and/or tangential’ vitre- 
ous traction is believed to result in 
macular holes. Cell migration and pro- 
liferation in neovascularization, prolif- 
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erative vitreoretinopathy, and pre- 
macular membrane formation all occur 
at the vitreoretinal interface. The most 
common event at this interface is de- 
hiscence of the vitreous cortex from 
the internal limiting lamina (ILL) of 
the retina with collapse of the vitreous, 
a condition known clinically as posteri- 
or vitreous detachment (PVD). The 
two components of true PVD are de- 
hiscence at the vitreoretinal interface 
and liquefaction of the vitreous. If the 
vitreous is liquefied without dehis- 
cence at the interface, collapse of the 
vitreous can exert traction at sites of 
usual and/or pathologic vitreoretinal 
adhesion. Previous reports have em- 
phasized the importance of PVD (par- 
tial or complete) in the pathogenesis of 
rhegmatogenous retinal detachment,” 
some macular disorders," and neo- 
vascularization."" 

The present study compares the mi- 
croscopic and ultrastructural features 
of the vitreoretinal interface in eyes 
from young individuals with eyes from 
older individuals. The specific ques- 
tions addressed are as follows: Does 
the strength of vitreoretinal adhesion 
differ at the equator as compared with 
the posterior pole? Does the strength 
of vitreoretinal adhesion vary with 
age? Is strong vitreoretinal adhesion 
focal (limited to the central macula, 
optic disc, and along blood vessels), or 
is the adhesion more diffusely distrib- 
uted in the posterior pole? 


MATERIALS AND METHODS 


Fifty-nine eyes from humans aged from 
33 weeks of gestation to 94 years were 
obtained through the courtesy of the New 
England Eye Bank, Boston, Mass, and the 
New York Bank for Sight Restoration, 
New York City. The age distribution of this 
population was as follows: 0 to 10 years 
(n — 7), 11 to 20 years (n— 8), 21 to 40 years 


(n— 7), 41 to 60 years (n ^ 10), 61 to 80 years 
(n=14), and 81 to 100 years (n= 13). The 
donors had no history of ocular disease or 
trauma, intraocular surgery, or diabetes 
mellitus. 

The techniques for study of the macro- 
scopic structure of the vitreous have been 
previously described in detail." In brief, 
freshly enucleated human eyes that were 
kept in moist chambers at 4°C for less than 
36 hours following death were dissected so 
that the vitreous remained attached to the 
anterior segment while the outer posterior 
layers (sclera, choroid, and retina) were 
dissected away. The retina was peeled off 
the vitreous by finding a surgical plane 
between the vitreous and retina at the 
equator (by using colibri forceps) and by 
peeling the retina forward to the posterior 
border of the vitreous base and posteriorly 
to the optic nerve. The entire fresh (un- 
fixed) specimen was examined by dark-field 
slit microscopy and photographed as previ- 
ously described." In all specimens, there 
was clean separation between the ILL of 
the retina and the vitreous cortex at the 
equator (confirmed histologically), demon- 
strating that dissection techniques did not 
artifactually influence the findings at the 
posterior pole. 

Specimens of dissected retina from the 
periphery and posterior pole and portions of 
the vitreous cortex from these sites were 
cut with scissors, fixed overnight in a solu- 
tion of 1% paraformaldehyde and 1.25% 
glutaraldehyde in 0O0.1-mol/L cacodylate 
buffer (pH 7.4), and postfixed in 0.1-mol/L 
cacodylate buffer (pH 7.4) for 1 hour at 4°C. 
Specimens were dehydrated in a graded 
acetone series, followed by propylene ox- 
ide, and then embedded in epoxy resin 
(Epon)-araldite. Thick sections (1 jum) were 
stained with toluidine blue, and suitable 
areas were chosen for study. Blocks were 
trimmed, thin sectioned, stained with 2% 
uranyl acetate-lead citrate, and photo- 
graphed with the use of a transmission 
electron microscope (Philips 200). 

For scanning electron microscopy, dis- 
sected portions of the posterior vitreous 
were mounted onto filter paper, with the 
vitreous cortex facing up (away from the 


Vitreoretinal Interface — Sebag 


filter paper). Specimens on filter paper 
were fixed overnight in 1% paraformalde- 
hyde and 1.25% glutaraldehyde in 0.1-mol/L 
cacodylate buffer (pH 7.4), and critical point 
dried in carbon dioxide. The tissue then was 
dehydrated in a graded alcohol series. Spec- 
imens and filter paper were mounted to- 
gether on aluminum stub mounts and 
coated with gold. Photographs were taken 
with a scanning electron microscope (AMR 
1000A). 


RESULTS 


By dark-field slit microscopy, the 
vitreous cortex in all eyes had a dense 





appearance that scattered light more 
intensely than did the inner portions of 
the vitreous (Fig 1). In all eyes from 
individuals aged 21 years or older 
(n =44; 37 eyes [84%] were from indi- 
viduals aged 41 years or older), the 
posterior vitreous had two “holes” in 
the vitreous cortex (Fig 1). The pre- 
papillary hole (a true hole in situ) 
measured approximately 1.0 to 1.25 
mm in diameter, and the premacular 
hole was about four times larger. Ul- 
trastructural studies demonstrated 
that the retina removed from the vitre- 


Fig 1.—Posterior vitreous in a 59-year-old man. The cortex (arrows) surrounds the entire 
vitreous. The premacular hole (m) is four times larger than the prepapillary hole (p) (original 


magnification approximately x 9). 


ous was intact in the eyes that had this 
microscopic appearance. The ILL had 
an irregular posterior aspect and a 
smooth anterior surface with no vitre- 
ous fibrils (Fig 2) The vitreous in 
these specimens had an outer layer of 
densely packed collagen fibrils (Fig 3) 
and no retinal elements. 

In six (40%) of the 15 eyes from 
individuals aged 20 years or younger 
(four eyes [66.7%] were from individ- 
uals aged younger than 10 years), the 
appearance of the peripheral vitreous 
was similar to that of the older individ- 
uals, but the appearance of the posteri- 
or vitreous was entirely different. Fig- 
ure 4 demonstrates the macroscopic 
structure observed in the vitreous of a 
9-month-old female infant. Although 
the prepapillary hole is clearly seen, 
there appears to be no hole in the 
premaeular vitreous cortex (Fig 4, top 
left and top right). The vitreous cortex 
in the posterior pole of this eye had 
more intense light-scattering proper- 
ties than did the equatorial vitreous 
cortex (Fig 4, bottom left and bottom 
right) Scanning electron microscopy 
of the posterior vitreous in this eye 
demonstrated a membranous structure 
adherent to the vitreous cortex in the 
posterior pole (Fig 5, left). Transmis- 
sion electron microscopy identified this 
structure as the ILL of the retina with 
vesicles of membranous material pre- 
sent on the posterior aspect (Fig 5, 
right). 

Figure 6 demonstrates the macro- 
scopic appearance of the posterior vit- 


Fig 2.—Ultrastructure ofthe inner retina after dissection away from the vitreous. Left, Müller's cells (M) insert into 
the posterior aspect of the internal limiting lamina (arrows). The anterior surface is smooth, whereas the posterior 
aspect follows the contours of the inner retinal cells (original magnification x 20 800). Right, Scanning electron 
microscopy of the anterior aspect of the internal limiting lamina, demonstrating the smooth surface and absence 
of vitreous collagen fibrils (original magnification x 2250). 
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reous in a 14-year-old boy. The pre- 
papillary hole in the vitreous cortex 
ean be clearly identified, but there is 
no hole in the premacular region. The 
posterior pole appears to be covered 
by a “cap” of tissue that surrounds the 
prepapillary hole. Within this tissue, 
there are “imprints” of the fovea and 
branching linear patterns arising from 
the prepapillary hole (the former site 
of the optic disc) that follow the course 
of retinal blood vessels. The peripheral 
vitreous has the same appearance as 
the vitreous cortex of older individuals 
shown in Fig 1. Scanning electron mi- 
croscopy demonstrated that the vitre- 
ous in this specimen contained a mem- 
brane adherent to the posterior 
vitreous cortex. The posterior surface 
of this cap of membranous tissue was 
covered by numerous vesicular struc- 
tures (Fig 7). Transmission electron 
microscopy identified this tissue as the 
ILL of the retina (Fig 8). The vesicles 
on the posterior surface of this tissue 
Fig 3.—Scanning electron microscopy of the vitreous cortex after removal of the retina (same were identified as the inner portions 
eye as Fig 2, right). Densely packed collagen fibrils are seen with no internal limiting lamina (or inner dense cytoplasm) of Miiller’s 
e The compactness of the collagen fibrils is probably exaggerated by dehydration cells of the retina with “attachment 
uring processing (original magnification x 3750). ail : Dade eid 

plaques" present at the points of inser- 





Fig 4.—Macroscopic structure of posterior vitreous in a 9-month-old female infant. Top left, The prepapillary 
hole (p) in the vitreous cortex is seen, but no hole is present in the premacular region (arrow) (original 
magnification approximately x 7). Top right, Cartoon companion of Fig 4, top left. Bottom left, Special illumination 
demonstrates the more intense light-scattering properties of the tissue on the premacular vitreous cortex 
(original magnification approximately x 7). Bottom right, Cartoon companion of Fig 4, bottom left. 
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tion into the ILL (Fig 8). Transmission 
electron microscopy of the retina in 
this region demonstrated marked dis- 
ruption of the plasma membranes of all 
inner retinal cells with cytoplasmic or- 
ganelles dispersed into the preretinal 
space. 


COMMENT 


This study demonstrates topograph- 
ic and age-related variations in the 
strength of human vitreoretinal adhe- 
sion. Although the technique of speci- 
men preparation did involve the 
creation of a (“surgical”) plane of dis- 


Fig 5.—Ultrastructural appearance of the posterior vitreous cortex shown in Fig 4. Left, Scanning electron 


section at the equator, when the retina 
was peeled posteriorly, the adhesive 
forces between the ILL of the retina 
and the posterior vitreous cortex were 
the sole determinants (without artifac- 
tual influence) of the level of cleavage. 
In all eyes from individuals aged 21 
years or older (the majority of whom 
were aged older than 41 years), adhe- 
sion between the ILL of the retina and 
the vitreous cortex in the posterior 
pole was weak, and the retina separat- 
ed cleanly from the vitreous between 
the ILL and the posterior vitreous 
cortex. However, in 40% of eyes from 
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individuals aged 20 years or younger, 
adhesion between the ILL and the 
posterior vitreous cortex was stronger 
than Miiller’s cell itself. Consequently, 
the inner portions of Müller's cells tore 
away from the retina and were found 
adherent to the ILL-vitreous cortex 
complex. This topographic difference 
is consistent with clinical observations 
by Schachat and Sommer" who sug- 
gested that stronger vitreoretinal ad- 
hesion at the macula accounted for a 
variety of vitreomaculopathies associ- 
ated with PVD. Moreover, these re- 
sults also demonstrate that this strong 
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microscopy demonstrates a membranelike structure (M) that was adherent to the premacular region of the 
vitreous. The coarse fibers of the filter paper (F) are seen beneath the membrane (original magnification x 600). 
Right, Transmission electron microscopy demonstrates that this structure consists of the internal limiting lamina 
(thick arrow) bordered by collagen fibrils (c) on its anterior aspect and membranous vesicles of inner retinal origin 
(m, thin arrows) on its posterior aspect (original magnification x 21 300). 


Fig 6.— Posterior vitreous in a 14-year-old boy. Left, The prepapillary hole (p) is surrounded by tissue with light- 
scattering characteristics different from those of the vitreous cortex (c). This tissue contains what appears to be 
the "imprints" of the fovea (white arrow) and the retinal vessels (black arrows) (original magnification approxi- 
mately x 9). Right, Cartoon companion of Fig 6, left. 
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Fig 7.— Scanning electron microscopy demonstrates that the posteri- 
or surface of the tissue shown in Fig 6 contains numerous vesicular 
structures. Top, Low original magnification ( x 2400). Bottom, High 
original magnification ( x 12 000). 


adhesion is not focal, ie, limited to the 
macula, the optic dise, and along reti- 
nal blood vessels. Rather, the phenom- 
enon is distributed throughout the pos- 
terior pole in a “sheetlike” 
configuration that encompasses the 
macula, as well as the peripapillary 
posterior pole. 

The exact source of the adhesive 
forces between the vitreous and retina 
is not known. Early studies"" re- 
ported the presence of vitreous colla- 
gen fibril insertion into the ILL. Other 
investigations” found fine fibrillar at- 
tachments between the vitreous and 
retina, but these were neither identi- 
fied nor confirmed. Studies” of frozen, 
resin-cracked, and enzyme-digested 
monkey retina demonstrated a dense 
fibrillar meshwork close to the base- 
ment membrane of Müllers cells, 
whereas there was a loose network of 
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fibrils that extended from this region 
into the vitreous. Other studies" have 
shown that the ILL is composed of 
type IV collagen associated with glyco- 
proteins. Laminin, fibrenectin, and 
proteoglycans have been identified in 
the human ILL.” The findings of the 
present study suggest that extracellu- 
lar matrix components between the 
ILL and vitreous cortex are likely to 
be responsible for the sheetlike adhe- 
sion observed in these experiments. 
Several studies"? ^ have shown that 
the thickness of the ILL of the retina 
increases with age. Kohno et al” found 
that in age-related thickening of the 
ILL, there is a bilaminar deposition of 
fibronectin and laminin in the ILL of 
the posterior pole but not of the equa- 
torial fundus. It is possible that this 
thickening adversely affects the ability 
of Müllers cells to synthesize and 





Fig 8.— Transmission electron microscopy of the posterior vitreous 
shown in Figs 6 and 7 demonstrates the internal limiting lamina (thick 
arrows), collagen fibrils (c) of the posterior vitreous cortex, and inner 
portion of a Muller's cell (m) inserting into the internal limiting lamina 
with attachment plaques (p) at this insertion (original magnification 
x 20.800). The space within the vitreous cortex is probably artifact, 
resulting from specimen preparation for electron microscopy. 


maintain the components of the extra- 
cellular matrix at the ILL-vitreous 
cortex interface,"" thus weakening 
vitreoretinal adhesion." Such weak- 
ening leads to dehiscence at the ILL- 
vitreous cortex interface and allows 
liquid vitreous to dissect a plane be- 
tween the vitreous cortex and retina. ™” 
This results in true PVD." However, if 
the process of liquefaction occurs with- 
out adequate dehiscence between the 
vitreous cortex and the ILL, traction 
will be exerted at sites of persistent 
adhesion, and, as demonstrated in this 
study, retinal elements can tear away 
and remain adherent to the vitreous 
cortex. This may explain the severity 
of rhegmatogenous events in patients 
with high myopia and vitreous degen- 
erations" where liquefaction is ad- 
vanced but there is no vitreoretinal 
dehiscence. 
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Elucidating the nature of the adhe- 
sive forces at the vitreoretinal inter- 
face would contribute greatly to our 
understanding of PVD, the most com- 
mon event in the life of the human 
vitreous. In particular, the composi- 
tion of the extracellular matrix that 
bonds the vitreous cortex to the ILL of 
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sion could also enable the development 
of means by which vitreoretinal adhe- 


References 


mol. 1987;225:89-93. 

13. Sebag J, Balazs EA. Morphology and ultra- 
structure of human vitreous fibers. Invest Ophthal- 
mol Vis Sci. 1989;30:1867-1871. 

14. Schachat AP, Sommer A. Macular hemor- 
rhages associated with posterior vitreous detach- 
ment. Am J Ophthalmol. 1986;102:647-649. 

15. Fine BS, Tousimis AJ. The structure of the 
vitreous body and the suspensory ligaments of the 
lens. Arch Ophthalmol. 1961;65:95-110, 119-134. 

16. Gartner J. Electron microscopic studies on 
the fine structure of the normal and pathologically 
changed vitreoretinal limiting membrane. Graefes 
Arch Clin Exp Ophthalmol. 1962;165:71-102. 

17. Zimmerman LE, Straatsma BR. Anatomic 
relationships of the retina to the vitreous body and 
to the pigment epithelium. In: Schepens CL, ed. 
Importance ofthe Vitreous Body in Retina Surgery 
With Special Emphasis on Reoperations. St Louis, 
Mo: Mosby- Year Book; 1960:15-28. 

18. Heegaard S, Jensen OA, Prause JU. Struc- 
ture and composition of the inner limiting mem- 
branes of the retina: SEM on frozen resin-cracked 
and enzyme-digested retinas of Macacca mulatta. 
Graefes Arch Clin Exp Ophthalmol. 1986;224:355- 
360. 

19. Kefalides NA. The biology and chemistry of 
basement membranes. In: Kefalides NA, ed. Biolo- 
gy and Chemistry of Basement Membranes. Orlan- 
do, Fla: Academic Press Inc; 1978:215-228. 

20. Jerdan JA, Kao L, Glaser BM. The inner 
limiting membrane—a modified basement mem- 
brane? Invest Ophthalmol Vis Sci. 1986;27/ARVO 
suppl):230. 

21. Kohno T, Sorgente N, Ishibashi T, et al. 
Immunofluorescent studies of fibronectin and 
laminin in the human eye. Invest Ophthalmol Vis 
Sci. 1987;28:506-514. 


Currently in Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 


A Prospective Study of Maturity-Onset Diabetes Mellitus and Risk of 


Coronary Heart Disease and Stroke in Women 


JoAnn E. Manson, MD; Graham A. Colditz, MB, BS; Jeir J. Stampfer, MD; 


sion could be enhanced or weakened, 
thereby inhibiting or facilitating PVD. 
This could be very useful since, de- 
pending on the clinical circumstances, 
it may be advantageous to be able to 
prevent or induce PVD. 


Steven J. Brennan performed all technical as- 
pects of electron microscopy. 


22. Favre M, Goldmann H. Zur Genese der hin- 
teren Glaskorperabhebung. Ophthalmolgica. 1956; 
132:87-97. 

23. Fine BS, Yanoff M. Ocular Histology: A 
Text and Atlas. 2nd ed. New York, NY: Harper & 
Row Publishers Inc; 1979:98-99. 

24. Hogan MJ, Zimmerman LE. Ophthalmic 
Pathology: An Atlas and Textbook. 2nd ed. Phila- 
delphia, Pa: WB Saunders Co; 1962:473-476. 

25. Balazs EA. Functional anatomy of the vitre- 
ous. In: Duane TD, Jaeger EA, eds. Biomedical 
Foundations of Ophthalmology. New York, NY: 
Harper & Row Publishers Inc; 1985:8-9. 

26. Balazs EA. Die Mikrostruktur und Chimie 
des Glaskorpers. In: Bericht uber die 68: Zusam- 
menkunft der deutschen ophthalmologischen Ge- 
sellschaft in Heidelberg, 1967. Munich, Federal Re- 
public of Germany: JF Bergmann; 1968:537-571. 

27. Foos RY. Vitreoretinal juncture: topo- 
graphical variations. Invest Ophthalmol Vis Sci. 
1972;11:801-808. 

28. Sebag J. Vitreoretinal interface and the role 
of vitreous in macular disease. In: Brancato R, 
Coscas G, Lumbroso B, eds. Retinal Diseases: II. 
Proceedings of the Retina Workshop. Amsterdam, 
the Netherlands: Kugler & Ghendi; 1987:3-6. 

29. Green WR. Vitreoretinal interface. In: Ryan 
SJ, ed. Retinal Disease. St Louis, Mo: Mosby-Year 
Book; 1989;3:13-69. 

30. Newsome DA, Linsenmayer TF, Trelstad 
RL. Vitreous body collagen: evidence for a dual 
origin from the neural retina and hyalocytes. J Cell 
Biol. 1976;71:59-67. 

31. Sebag J. The Vitreous—Structure, Function 
and Pathobiology. New York, NY: Springer-Ver- 
lag NY Ine; 1989:87-90. 

32. Sebag J. Ageing of the vitreous. Eye. 
1987;1:254-262. 


Walter C. Willett, MD; Andrzej S. Krolewski, MD; Bernard Rosner, PhD; Ronald A. Arky, MD; 
Frank E. Speizer, MD; Charles H. Hennekens, MD (Arch Intern Med. 1991;151:1141-1147) 


Pilocarpine Treatment of Salivary Gland Hypofunction and Dry Mouth (Xerostomia) 
Philip C. Fox, DDS; Jane C. Atkinson, DDS; Alice A. Macynski, RN; Andy Wolff, DND; 


Daivd S. Kung, DDS; Ingrid H. Valdez, DMD; William Jackson, MD, PhD; 


Robert A. Delapenha, MD; Jeffrey Shiroky, MD; Bruce J. Baum, DMD, PhD 
(Arch Intern Med. 1991;151:1149-1152) 


Arch Ophthalmol— Vol 109, July 1991 


Vitreoretinal Inerface— Sebag 971 


ET der: iol S ca rud me^ T Led UD Casa Et TT E a LAC TOM CREE RC aii eS — ee A es ud 


=a 


a art Son id A 


i 
X WU 


j 
Se me r 


Z. 


IN. QU WERTE 7. 


PSU 


>. dece 


Aim 


Cellular and Humoral Anticorneal Immune 
Response in Corneal Transplantation 


Martine J. Jager, MD; Hennie J. Vólker-Dieben, MD; Albert Vos, MD; Lidy Broersma; Frank G. Kok, PhD; Ruth van der Gaag, PhD 


e Immunologic responses play a role in 
the rejection process of corneal trans- 
plants. Both histocompatibility antigens 
and tissue-specific antigens may be po- 
tential targets for such an immune re- 
sponse. To identify relevant responses, 
the humoral immune response against 
corneal tissue and the cellular immune 
response against one specific corneal pro- 
tein were determined in patients before 
and after corneal transplantation. The re- 
sults were compared with known risk fac- 
tors for corneal transplantation, but no 
correlations were observed. A conversion 
from negative to positive in cellular im- 
mune response against the cornea-specif- 
ic protein was seen in patients who had 
experienced an inflammatory episode dur- 
ing the time interval between measure- 
ments. The anticorneal protein response 
may therefore be the result of an intraocu- 
lar inflammatory response, but not a prog- 
nostic factor to help predict the patients at 
risk for rejection. 

(Arch Ophthalmol. 1991;109:972-977) 


S tudies concerning the graft survival 

of corneal transplantations show 
that a number of factors have a nega- 
tive influence on the outcome of a 
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corneal transplantation. Among such 
risk factors are vascularization of the 
recipient cornea, ocular inflammation, 
and  retransplantation." Although 
matching for HLA class I antigens has 
been reported to greatly improve re- 
sults in high-risk cases, graft rejection 
may still occur, however, even in the 
presence of a perfect match for HLA 
class I antigens between donor and 
recipient. It is possible that mot only 
the presence or absence of vaseulariza- 
tion, but also previous sensitization 
against tissue-specific or histocompati- 
bility antigens determines the outcome 
of transplantation. Several studies 
have focused on this idea and both 
humoral and cellular immune respons- 
es against histocompatibility and tis- 
sue-specific antigens have been exam- 
ined." These studies concerned only 
one type of immune response, either 
cellular or humoral, with small num- 
bers of patients, and showed only loose 
relationships with the clinical outcome. 

We wanted to investigate whether 
humoral and cellular cornea-specific 
immune responses could interact and 
in such a way influence the transplan- 
tation. We therefore determined the 
presence of anticorneal antibedies in 
patients undergoing corneal transplan- 
tation, and we also measured the pres- 
ence of a cellular immune response 
against one specific corneal antigen, 
the 54-kd protein of the bovine cornea 
(BCP 54), using the monocyte migra- 
tion test.” Bovine cornea protein 54 
makes up 32% of the soluble proteins 
of the bovine cornea and is found in all 
layers of the cornea." A protein of 
similar molecular weight can be detect- 
ed in the rat cornea" and has been 
isolated from human corneal epitheli- 
um (R. Hoekzema, MD, unpublished 


results, 1990). Previous studies indi- 
cated cross-reactivity between the cor- 
nea-specific antigens in different spe- 
cies." Positive immune responses 
against BCP 54 have been observed in 
patients with corneal disease or anteri- 
or segment inflammation (uveitis and 
Fuchs heterochromic cyclitis), but 
they have been observed only sporadi- 
cally in controls. "^" 

Since anterior chamber involvement 
occurs during rejection of a corneal 
transplant, we investigated whether 
the presence of a humoral immune 
response against the cornea or a cellu- 
lar immune response against BCP 54 
was associated with any of the clinical- 
ly determined risk factors for corneal 
transplantation or with the clinical out- 
come after transplantation. 


PATIENTS AND METHODS 


Patients were referred to the Depart- 
ment of Ophthalmology of the Academic 
Medieal Center of the University of Am- 
sterdam (M.J.J.) and to the Department of 
Ophthalmology of the Diaconessenhuis in 
Leiden (H.V.D.) for corneal transplanta- 
tion. Age, sex, type of corneal disease, 
degree of vascularization of the recipient 
cornea, number of previous transplants, 
number of blood transfusions, and number 
of pregnancies were registered. The pres- 
ence of antileukocyte (anti-HLA) antibodies 
was determined in 49 of 55 patients. Blood 
was collected for testing prior to and 3 to 4 
months after transplantation. 


Isolation of BCP 54 


Corneal epithelium was scraped from bo- 
vine corneas. The epithelium was homoge- 
nized and centrifuged. Bovine cornea pro- 
tein 54 was subsequently purified from the 
supernatant by anion exchange chromatog- 
raphy and showed only one band when 
tested by sodium dodecyl sulfate polyacryl- 
amide gel electrophoresis.’ 
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Two-Step Monocyte Migration 
Inhibition Assay 


The cellular immune response against 
BCP 54 was determined with a two-step 
migration inhibition assay, using peripheral 
blood mononuclear cells from the patients." 
Cells were incubated with medium as a 
control for spontaneous migration inhibi- 
tory factor (MIF) production or with conca- 
navalin A to test the general mitogenic 
responsiveness of the cells or with purified 
BCP 54. After incubation for 20 hours, cell- 
free supernatants were harvested by cen- 
trifugation and assayed in the MIF test. 

For the MIF test, human monocytoid 
U937 cells were mixed in agarose (Seapla- 
que). Droplets of 1 uL were pipetted in flat- 
bottomed wells of a 96-well microtiter tray; 
100 uL of cell-free supernatant, obtained 
from the first step, was added to each well. 
After incubation for 20 hours to allow mi- 
gration of the U937 cells out of the agarose 
droplets, the areas of monocyte migration 
were measured and the results, expressed 
as percent migration inhibition, were calcu- 
lated as follows: percent migration inhibi- 
tion — (1 — [mean area in test supernatant |/ 
[mean area in control supernatant |) x 100%. 
Control supernatant came from the tube 
containing mononuclear cells in culture me- 
dium alone. A migration inhibition of 20% 
or more was taken as a positive reaction.” 
When the results in the control supernatant 
differed more than 20% from the migration 
area in the medium, which had not been in 
contact with any cells (indicating spontane- 
ous MIF production), or when no response 
was observed after incubation with conca- 
navalin A, the results were not included in 
this study (three patients). 


Immunofluorescence Test 


Cireulating antibodies against corneal 
ipithelium were detected using an indirect 
immunofluorescence technique on rabbit 
corneas. Freshly prepared cryostat sections 
were dried, fixed in acetone for 10 minutes, 
washed with phosphate-buffered saline, and 
incubated for 40 minutes with a 1:10 dilu- 
tion of patient or control serum in phos- 
phate-buffered saline. The sections were 
then washed again (three times for 10 min- 
utes) with phosphate-buffered saline, and 


Diagnosis 
Patients, No. 


Herpes 


HLA matched:random 
No. of first transplants 


No. with previous 
blood transfusions 


No. with vascularization 
in two quadrants 


* Unknown for one patient. 
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Keratitis 


ineubated for 30 minutes with fluorescein- 
labeled goat antihuman immunoglobulin, di- 
luted 1:40 in phosphate-buffered saline and 
with 1% normal rabbit serum." The reac- 
tions were scored in a masked fashion by 
two separate investigators with a micro- 
scope with an epi-illuminator. 


Statistical Analysis 


The relationship between the cellular re- 
sponse against BCP 54 and the humoral 
response against the cornea vs other vari- 
ables was tested by means of fitting log- 
linear models. Log-linear models are similar 
to multiple regression models: in log-linear 
models, all variables used for classification 
are assumed to be independent variables, 
and the dependent variable is the number of 
cases in a cell of the cross tabulation. The 
natural logarithm of the cell frequency is 
explained by a linear function of main ef- 
fects and interaction effects of the vari- 
ables. In this study, log-linear models were 
used to study the cross classifications of 
small groups of variables to avoid the occur- 
rence of many zero frequency cells. 

In all analyses, the independence model 
was tested: that is, the log-linear model 
that explains the logarithm of the cell fre- 
quencies with main effects only (variables 
are tested that bear no relationship to each 
other) Fitting the independence model 
with n main effects corresponds to perform- 
ing the x^ test for independence in an n-way 
contingency table. If the model fits, the 
next.step is to investigate whether a model 
with additional interaction terms results in 
a significantly better fit. 

In the analyses, vascularization of the 
recipient cornea, number of previous trans- 
plants, and recipient age were analyzed 
together, since vascularization and age in- 
crease in repeated transplants and may 
therefore relate to each other. The number 
of pregnancies, number of blood transfu- 
sions, and the presence of antileukocyte 
antibodies were studied together since both 
pregnancies and blood transfusions may 
lead to the induction of antileukocyte anti- 
bodies. Diagnosis was studied separately 
because this variable had eight categories 
that could not be added together. Cross 
classification with more than one variable 
resulted in too many low cell frequencies. 


The first-order interaction between cellu- 
lar (or humoral) response and each of the 
other variables was tested. A significant 
interaction term implies that higher fre- 
quencies of cellular (humoral) responses are 
observed for certain levels of the other 
variable. Because of the number of analyses 
performed, a low significance level of .01 
was chosen as a safeguard against signifi- 
cant results obtained purely by chance. 


RESULTS 


Cellular Response Against 
BCP 54 Before Transplantation 


Patients with different diseases of 
the cornea (Table 1) were tested for 
their cellular immune response against 
BCP 54. A wide range of responses 
was observed in patients with the 
same disease (Figure) Patients who 
previously developed graft failure due 
to nonimmunologie causes did not show 
a positive response against BCP 54, 
whereas four of six patients who had 
undergone graft failure due to immu- 
nologie causes, necessitating retrans- 
plantation, were positive responders. 
A low frequency of reactivity was ob- 
served in patients with keratoconus or 
secondary (ie, after previous cataract 
operation) decompensation (2596 and 
30%, respectively) At least 50% of 
patients with keratitis, disciform her- 
pes infections, or trauma had positive 
responses against BCP 54. 

In three separate log-linear ana- 
lyses, the relationship was investigat- 
ed between cellular immune response 
against BCP 54 vs (Table 2) the follow- 
ing: (1) diagnosis; (2) vascularization of 
the recipient cornea, recipient age, and 
number of previous transplants; and 
(3) number of pregnancies, number of 
blood transfusions, and the presence of 
antileukocyte antibodies. In all three 
analyses, the independence model fit- 
ted the data and no improvement of fit 
was observed for addition of interac- 
tion terms (a<0.1); no relationships 


a s * * . . . 


Table 1.—Clinical Characteristics of the Patients With Corneal Disease 


Previous 
Graft Previous 
Keratoconus Failure Rejection 


12 


2 





Secondary 
Decompensation 


10 


Trauma Other 
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Trauma 


Secondary Decompensation 


Dystrophy 

Keratitis 

Keratoconus 

Previous Graft Rejection 
Herpes 


Nonimmunological Graft Failure 


20 30 40 


Percent Migration Inhibition 


Percent migration inhibition against the 54-kd protein of the bovine cornea (BCP 54) for each 
patient, classified by disease. A migration inhibition of more than 20% is regarded as a positive 
response. The percentage of positively reacting patients is shown on the right. 


Table 2.—Presence of a Positive Cellular and Humoral Anticornea 
Response in Relation to Clinical Factors 


Cellular Response Humoral Response 
Against BCP 54* Against the Corneat 
—ÓÓ ———À 
Positive, % No. Positive, % 


Healthy controls 

Diagnosis 
Herpes 
Keratitis 
Keratoconus 
Previous graft failure 
Previous rejection 
Secondary decompensation 
Trauma 
Other 


Vascularization of recipient cornea 
None 


1 quadrant 
2 quadrants 
More 


No. of previous transplants on this eye 
None 


No. of pregnancies 
None 


No. of blood transfusions 
None 


Antileukocyte antibodies 
None 


1%-5% 
>5% 
Not tested 


Recipient age, y 
<30 


30-60 
>60 


* Migration inhibitory factor (MIF) assay. 
tindirect immunofluorescence assay. 
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between reactivity against BCP 54 and 
vascularization, number of transplants 
on this eye or in total (not shown), 
number of blood transfusions, or age 
was noticed. 


Humoral Anticorneal Response 
Before Transplantation 


The humoral immune response was 
measured in 53 of the 55 patients (Ta- 
ble 2) Anticorneal antibodies were 
also found in about one third of the 
healthy controls. Some variation be- 
tween patients with different diseases 
could be noticed. The same analyses as 
used for the anti-BCP 54 response 
were used, and the data suggested a 
relationship between humoral re- 
sponse and diagnosis (P<.05): fewer 
patients with herpes disease, a previ- 
ous rejection, or secondary decompen- 
sation showed a positive response than 
did patients in the other groups, while 
patients with previous nonimmune 
graft failure or keratoconus reacted 
most frequently. Patients with corneal 
vascularization had antibodies less fre- 
quently than patients without vascu- 
larization (P —.03). Patients with anti- 
corneal antibodies more frequently had 
antileukocyte antibodies (P<.02). No 
significant relationship was seen with 
the number of previous transplants, 
blood transfusions, pregnancies, or age 
of the recipient. 


Change in Cellular Immune Response 
Against BCP 54 After Transplantation 


Cellular reactivity to BCP 54 and 
the presence of anticorneal antibodies 
was determined prior to and 3 to 4 
months after transplantation. <A 
change in cellular reactivity against 
BCP 54 from negative to positive was 
not the same for all diseases (Table 3). 
Frequent changes from negative to 
positive were seen in patients with 
keratoconus and secondary decompen- 
sation (decompensation after previous 
cataract surgery with or without lens 
implantation). The relationship be- 
tween pretransplantation and post- 
transplantation anti-BCP 54 response 
was tested in a separate log-linear 
analysis with the same separation as 
used for the pretransplant responses. 
In all three analyses, the independence 
model fitted the data and no improve- 
ment of fit was observed for the addi- 
tion of interaction terms. 

According to the same type of analy- 
sis, intraoperative additional surgery 
or graft size did not influence whether 
patients remained nonresponders or 
became positive against BCP 54 (Table 
4). 

Not one of the 17 patients who never 
showed any cellular response in vitro 
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Table 3.—Cellular Immune Response Against BCP 54 
Before and 3 Months After Transplantation * 


Cellular response pretransplantation Neg Neg Pos Pos 
Cellular response posttransplantation Neg Pos Neg Pos 


Diagnosis 
Herpes 
Keratitis 
Keratoconus 
Previous graft failure 
Previous rejection 
Secondary decompensation 
Trauma 
Other 


Vascularization of recipient cornea 
None 


1 quadrant 
2 quadrants 
22 quadrants 


No. of previous transplants on this eye 
None 
=1 
No. of pregnancies 
None 
= 
No. of blood transfusions 
None 


= 
M 


=|=- |/N|= || A|- |N 
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15 
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A/S 


14 11 


Gender 
F 9 


Recipient age, y 
<30 


30-60 
>60 


Antileukocyte antibodies 
None 


1%-5% 
>5% 
Not tested 


2 a 0 1 
8 7 3 4 

11 8 4 
2 5 3 1 


6 
9 


5 2 4 
4 


8 
0 
0 
1 





* Neg indicates negative; pos, positive; and BCP 54, the 54-kd protein of the bovine cornea. 


Table 4.—Influence of Additional Surgery at the Time of Transplantation and Graft Size 
on Changes in the Cellular Immune Response Against BCP 54* 


Cellular immune response pretransplantation Neg Neg Pos Pos 
Cellular immune response posttransplantation Neg Pos Neg Pos 


Additional surgery 
None 


ECLE with / without implant 
Secondary IOL insertion 
Exchange IOL 

IOL left in situ 


Graft size, mm 
<7.5 


7.5-7.9 
=> 8.0 
Unknown 





* BCP 54 indicates the 54-kd protein of the bovine cornea; IOL, intraocular lens; ECLE, extracapsular lens 


extraction; neg, negative; and pos, positive. 


against BCP 54 had a rejection episode 
or an edematous graft develop after 
transplantation (Table 5). One patient 
in this group had an episode of melting 
after a transplantation for herpes kera- 
titis, which resolved after antiviral 
treatment. 
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The log-linear analysis was applied 
to test the relationship between the 
change in responsiveness against BCP 
54 and the type of postoperative prob- 
lem. The independence model again 
fitted the data. However, applying a 
less stringent significance criterion, 


the fit between the anti-BCP 54 re- 
sponse and postoperative problem was 
not very good (P<.05), suggesting an 
association between the change in re- 
sponse against BCP 54 and the type of 
postoperative problem. A change in 
cellular responsiveness from negative 
to positive occurred in five of six pa- 
tients who attended the clinic during 
the first 3 months after transplantation 
with signs and symptoms of rejection: 
a painful, red eye with cells in the 
anterior chamber, decrease of clarity, 
and a rejection line in one patient 
(Table 6). With the exception of the 
last patient, treatment with corticoste- 
roids led to quiescence. Other clinical 
problems were not related to either 
the intraoperative response or to any 
changes in cellular response. A change 
from negative to positive response also 
occurred in eight of 21 individuals 
without any complications. 

A change from positive to negative 
cellular immune response was especial- 
ly seen in patients with a previous 
rejection and with trauma as the diag- 
nosis. Eleven patients changed in re- 
sponsiveness from positive to nega- 
tive, including two patients in whom a 
corneal ulcer developed in the post- 
transplantation period. 


Change in Anticornea Antibodies 
After Transplantation 


Serologic study showed few changes 
during the first 3 months after trans- 
plantation: 24 patients continued to 
have negative responses; seven 
changed to positive responses; five 
changed to negative responses; and 17 
continued to have positive responses. 
According to the log-linear analysis, 
the independence model fitted the 
data: no relationship was noticed with 
any of the clinical factors. Five of the 
six patients with a rejection belonged 
to the group that remained positive; 
the sixth remained negative (Table 5). 
The presence of antibodies before 
transplantation was associated with 
clinical problems only when, concomi- 
tantly, cellular reactivity against BCP 
54 changed from negative to positive. 
This happened in 16 patients. Eight of 
these 16 patients had antibodies prior 
to transplantation: five of these eight 
had a rejection episode, while no rejec- 
tion occurred in any of the other eight 
individuals who did not have antibod- 
ies before transplantation. 


COMMENT 


The role of the anticorneal cellular 
immune response in corneal transplan- 
tation has been studied previously. 
Stark” used the leukocyte migration 
inhibition factor as a measure to detect 
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Table 5.—Changes in Cellular and Humoral Immune Response Against BCP 54 Compared With 
Clinical Complications in the First 3 Months After Transplantation * 


Cellular Immune Response 
e ———— 


Humoral Immune Response 
--eoamwrrree 
Pretransplantation Unknown 


Posttransplantation Neg Pos Neg Pos Neg Pos Neg Pos Pos 


No. of 
Blood 
Transfusions 


No. of 
Pregnancies 


Age, y/ Graft size, 


Diagnosis Sex mm Vasc” 


Keratitis 
Keratitis 


Keratitis 


Secondary 
decompensation 


Primary Fuchs’ 
heterochromic cyclitis 


Keratoconus 


* Vasc indicates the degree of vascularization of recipient cornea. 


tDay of onset of anterior chamber reactions. 


a cellular immune response against a 
soluble filtrate of homogenized human 
corneas. Leukocyte migration inhibi- 
tion factor is a lymphokine released by 
T cells incubated with antigens to 
which the T cells are already sensi- 
tized. Only patients who had rejected 
or were in the process of rejecting a 
corneal tranplant showed a positive 
response, whereas controls did not 
show reactivity. Other studies" 
showed a similar trend but did not 
have such a high correlation as ob- 
served in Stark's study. Such studies 
were not continued at the time, proba- 
bly because of the low reproducibility 
of that type of LIF test. 

Previous studies showed that a cel- 
lular immune response against BCP 54 
occurred in patients with corneal melt- 
ing or inflammation of the anterior 
chamber of the eye, eg, in patients 
with Fuchs heterochromic cyclitis or 
anterior uveitis e causa ignota." Ac- 
cording to the same reports, such reac- 
tions were rare in healthy controls and 
in patients with inflammatory disease 
of the posterior segment of the eye. 
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Our results indicate that controls are 
only sporadically sensitized against 
BCP 54, but patients with different 
kinds of corneal diseases are often 
sensitized against BCP 54. This was 
also the case for diseases in which 
immunopathologic conditions were not 
expected to play a role, like kerato- 
conus. Almost all patients with kerato- 
conus, however, have had contact lens 
problems and erosions, which may 
have led to sensitization. No correla- 
tion between sensitization against 
BCP 54 and known clinical risk factors 
was observed. Since the level of the 
pretransplant cellular immune re- 
sponse also did not correlate with post- 
transplantation outcome, we conclude 
that the anti-BCP 54 cellular immune 
response is not a predictive factor for 
the outcome of transplantation. Eleven 
patients lost their reactivity against 
BCP 54 in the interval between tests. 
Since it is likely that some T cells with 
the anti-BCP 54 reactivity remained, 
this indicates that the MIF test mea- 
sures responses only when enough ac- 
tive T cells are available in the periph- 


Photophobia, tearing, cloud- 
ing in one quadrant 


Pain, deep redness, clouding 
in one quadrant 


Deep redness, clouded area 
at sutures (12-o'clock po- 
sition) 


Photophobia, tearing, deep 
redness, local chagrin 


Pain, tearing, mixed red- 
ness, cells in anterior 
chamber 

Pain, photophobia, tearing, 
upper eyelid edema, deep 
redness 





eral blood. The finding may therefore 
be attributed to a lack of sensitivity of 
the MIF assay." 

A much larger group of individuals 
without eye problems was found to 
have antibodies directed against rabbit 
corneas. This corresponds with previ- 
ous findings" and also with the obser- 
vation with regard to antibodies di- 
rected against retinal S antigen, where 
normal individuals without eye disease 
frequently show a positive antibody 
response." Our data show that the 
antibody response changed less than 
the cellular immune response. We did 
not see an adverse effect of the pres- 
ence of cellular reactivity against BCP 
54 before transplantation on graft sur- 
vival, but we did observe the combina- 
tion of graft reaction in vivo and the 
development of anti-BCP 54 reactivity 
in vitro. The anti-BCP 54 reactivity, 
however, was determined after the 
rejection episode had taken place. 
These findings more likely suggest a 
change in reactivity due to leakage of 
antigen, causing immune stimulation, 
than to a cause-effect relationship. The 
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clinical characteristics of the eyes un- 
dergoing rejection were atypical, since 
most of them belonged to low-risk 
groups (Table 6). For all patients it 
was their first transplant and anti- 
HLA antibodies were negative in the 
five patients tested. Going over the 
data, it was suddenly realized that the 
transplants undergoing rejection took 
place in a time period in which surgical 
problems were encountered in one of 
the clinics. Release of residual deter- 
gent left in the operating cannulae 
after cleaning led to an accumulation of 
decompensated corneas after cataract 
surgery." This residue led to break- 
down of the endothelial barrier and 
corneal decompensation. The corneal 
transplantations for five of the six re- 
jection cases took place during exactly 
the same time period and in the same 
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hospital. It may be that in these cases, 
too, introduction of a chemical into an 
eye in an already prejudiced state (due 
to the presence of anticorneal antibod- 
ies) may have led to a more severe 
anterior chamber reaction and may 
have increased the release of corneal 
tissue, which immunized the individ- 
uals against BCP 54. Part of the amino 
acid sequence of BCP 54 is now 
known," and the sequence suggested 
that BCP 54 is an aldehyde dehydro- 
genase.” Abedinia^ recently observed 
independently that the major soluble 
protein of the bovine cornea is an 
aldehyde dehydrogenase. This protein 
probably plays a role in protecting the 
eye against UV light. It remains to be 
determined what pathologic conse- 
quences an immune response against 
BCP 54 has in this respect. 
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Immunohistochemistry of the Inflammatory Response 
in Propionibacteriwm acnes Endophthalmitis 
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e Specimens were obtained from two 
patients with culture-proven Propioni- 
bacterium acnes endophthalmitis who 
had undergone vitrectomy. Wright's and 
Giemsa stains were performed using cy- 
tospin preparations of the dilute vitreous 
and revealed a predominance of poly- 
morphonuclear leukocytes (80% to 90%). 
The remaining inflammatory cells in the 
vitreous were mostly macrophages (10% 
to 15%); very few lymphocytes were 
present (<5%). Immunohistochemical 
studies using monoclonal antibodies 
confirmed the paucity of lymphocytes. 
Most lymphocytes were CD4+ helper/in- 
ducer T cells. Almost no CD8+ suppres- 
sor/cytotoxic T lymphocytes or B lym- 
phocytes were found. The inflammatory 
response in these two patients is most 
characteristic of acute inflammation and 
consistent with an underlying bacterial 
infection, despite a clinical picture of 
persistent, low-grade inflammation. In- 
fection with P acnes has been shown to 
inhibit CD8+ T cells and may play a role 
in the persistent inflammation in cases of 
P acnes endophthalmitis. 

(Arch Ophthalmol. 1991;109:978-979) 


Propionibacterium acnes endophth- 

almitis is now recognized as a cause 
of persistent, indolent inflammation af- 
ter surgery, usually after cataract ex- 
traction and placement of an intraocu- 
lar lens. However, the cause of the 
low-grade inflammatory response in 
these cases is unknown. We used im- 
munohistochemical techniques to ana- 
lyze the vitreous inflammatory cells 
from two patients with culture-proven 
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P acnes endophthalmitis to gain in- 
sight into the cause of the inflamma- 
tory response in these cases. 


REPORT OF CASES 


CASE 1.—A 67-year-old woman devel- 
oped inflammation 2 months after an un- 
complicated extracapsular cataract extrac- 
tion using phacoemulsification and followed 
by placement of a posterior chamber intra- 
ocular lens. Eight months after surgery, 
the patient underwent a pars plana vitrec- 
tomy and intravitreal injection of gentami- 
cin sulfate and amphotericin B. Cultures of 
the vitreous yielded P acnes 5 days after 
plating. 

CASE 2.—A 77-year-old man developed 
inflammation 6 months after extracapsular 
cataract extraction followed by placement 
of a posterior chamber intraocular lens. 
Nine months after surgery, he underwent 
an aqueous tap and intravitreal injection of 
gentamicin. One week later, the patient 
underwent a pars plana vitrectomy and a 
second injection of intravitreal antibiotics. 
Cultures of the vitreous yielded P acnes 
6 days after plating. 


MATERIALS AND METHODS 


Fresh, dilute vitreous was obtained dur- 
ing vitrectomy from the two patients. The 
vitreous was centrifuged at 1000 rpm for 
8 minutes, cells were resuspended in 1 mL 
of culture medium, and 50-uL drops of cell 
suspension were placed on gelatinized slides 
and allowed to air dry. Standard Giemsa 
and Wright’s stains were performed, and 
the percentages of polymorphonuciear leu- 
koeytes, macrophages, and lymphocytes 
were determined by two separate observ- 
ers. Immunohistochemical staining was 
performed using monoclonal antibodies 
against CD3 (pan-T lymphocytes), CD8 
(suppressor/cytotoxic T cells), CD4 (helper/ 
inducer T cells), CD22 (B lymphocytes), and 
CD33 (monocytes, macrophages), and an 
avidin-biotin-peroxidase complex was ap- 
plied as described by Hsu et al. Mouse 
ascites fluid containing 1 to 2 pg of protein 
per milliliter was the control primary anti- 
body; the secondary antibody was horse 


antimouse IgG. Slides were stained with 
methyl green, and 3,3'-diaminobenzidine 
tetrahydrochloride dihydrate was used as 
substrate. 


RESULTS 


Inflammatory cellular subsets ob- 
tained by counting cells on Giemsa and 
Wrights stains of cytospin prepara- 
tions of the vitreous showed a predom- 
inance of polymorphonuclear leuko- 
cytes (80% to 85%) in both cases. The 
remaining cells were mostly macro- 
phages (10% to 15%); lymphocytes 
were few (<5%). Immunohistochemi- 
cal techniques using monoclonal anti- 
bodies against lymphocytes and macro- 
phage markers were used to further 
delineate the inflammatory cellular 
subsets (Table) Excluding neutro- 
phils, most of the cells stained strongly 
positive for CD33 (monocyte/macro- 
phage) markers (Figure, right). Fewer 
than 2596 of the cells expressed CD3 
pan-T lymphocyte markers (Figure, 
left). Most lymphocytes were helper/ 
inducer T (CD4+) cells. Almost no 
B lymphocytes (CD22+) or suppres- 
sor/eytotoxie T lymphocytes (CD8 +) 


were found. 


COMMENT 


The predominance of neutrophils, 
some macrophages, and the relative 
lack of lymphocytes is most consistent 
with an acute inflammatory re- 
sponse," although both patients 
had clinical courses characterized by 
persistent, low-grade inflammation. 
Chronic inflammation is characterized 
by lymphocytes, plasma cells, and 
macrophages. "" Neutrophils may ac- 
company conditions characterized by 
persistent clinical inflammation, such 
as Behcet’s disease, but the presence 
of neutrophils usually heralds an acute 
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Lymphocyte and Macrophage Marker Expression in Vitreous Cells * 


CD22 CD33 


Case No. 





TET are excluded. CD3 indicates pan-T cells; CD4, helper / inducer T cells; CD8, suppressor / cyto- 


toxic T cells; CD22, B cells; CD33, macrophages / monocytes; minuses, <5% cells stained positive; single plus, 


5% to 25% of cells stained positive; and four pluses, >75% of cells stained positive. 





Immunohistochemical staining of vitreous from case 1. Left, Many positive-staining CD33 + 
monocyte/macrophages (arrow) and rare, negative-staining cells (arrowhead) are shown. 
Inset, Higher magnification of a positive-staining CD33 + cell (original magnification x 500). 
Right, Two positive-staining CD3+ pan-T cells (arrow) and multiple negative-staining cells 


(arrowhead) (original magnification x 312). 


exacerbation. A mixed cellular re- 
sponse has been reported,’ and the 
presence of residual lens material in 
some cases suggests that phacoana- 
phylaxis may be contributing to the 
inflammation." The predominance of 
polymorphonuclear cells in the two 
cases we present is consistent with an 
underlying infection. Furthermore, a 
lack of lens material and a paucity of 
lymphocytes indicated that neither pa- 
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tient had phacoanaphylaxis. However, 
it is sometimes difficult to distinguish 
P acnes endophthalmitis from pha- 
coanaphylaxis. 

Previous in vitro studies provide in- 
sight into the predominance of neutro- 
phils and monocytes in the inflam- 
matory response to P acnes. 
Propionibacterium acnes is a potent 
inflammatory stimulus that can acti- 
vate complement and produce serum- 


References 


extracapsular cataract extraction with intraocular 
lens implantation. Br J Ophthalmol. 1985;69:836- 
840. 

6. Webster GF, Leyden JJ, Norman ME, Nils- 
son UR. Complement activation in aene vulgaris, in 
vitro studies with Propionibacterium acnes and 
Propionibacterium granulosum. Infect Immun. 
1978;22:523-529. 

T. Webster GE, Nilsson UR, McArthur WP. Ac- 
tivation of the alternative pathway of complement 
in human serum by Propionibacterium acnes (Co- 
rynebacterium parvum) cell fraction. Inflamma- 
tion. 1981;5:165-176. 

8. Puhvel SM, Sakamoto M. The chemoattrac- 
tant properties of comedonal contents. J Invest 
Dermatol. 1978;71:324-329. 

9. Webster GF, Leyden JJ. Production of se- 
rum-independent polymorphonuclear leukocyte 
chemotactic factors by Propionibacterium acnes. 
Inflammation. 1980;4:261-269. 


independent polymorphonuclear leuko- 
cyte chemotactic faetors."" Webster et 
al" have demonstrated that P acnes is 
resistant to killing and degradation by 
human neutrophils and monocytes. 
This resistance to degradation can pro- 
mote monocyte proliferation, and the 
authors suggest that the ability of 
P acnes to persist without degradation 
in tissue may in part be the cause of 
the lengthy inflammatory response. 
The lack of suppressor/cytotoxic 
T cells in the vitreous of these two 
patients with P acnes endophthalmitis 
is unusual for a chronic inflammatory 
response. During chronic inflamma- 
tion, activated helper/inducer T cells 
usually stimulate and recruit other in- 
flammatory cells, including B lympho- 
cytes and suppressor/cytotoxic T lym- 
phocytes. Using an animal model of 
allergic contact dermatitis, Knop et 
al^ and others demonstrated a selec- 
tive inhibition of suppressor/cytotoxic 
T lymphocytes in serum obtained from 
mice treated with P acnes. Maguire 
and Cipriano” hypothesize that a ma- 
jor mechanism of P acnes immunopo- 
tentiation is the inhibition of suppres- 
sor T cells caused by stimulated 


macrophages. A lack of suppressor/cy- 
totoxic T lymphocytes in the vitreous 
may impede the ability to downgrade 
the inflammatory response in cases of 
P acnes endophthalmitis. Neverthe- 
less, we did not find a significant in- 
crease in the number of CD4+ T cells 
in the vitreous, which one would ex- 
pect if P acnes were functioning pre- 
dominantly as an adjuvant. Therefore, 
these data are most consistent with an 
acute inflammatory response caused 
by an underlying bacterial infection. 
Resistance to monocyte and neutrophil 
killing by P acnes and inhibition of 
suppressor/cytotoxic T-cell prolifera- 
tion may have contributed to the per- 
petuation of inflammation in these 
cases. 
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Hereditary Lymphedema and Distichiasis 


Talia Kolin, MD; Karla J. Johns, MD; William B. Wadlington, MD; 
Merlin G. Butler, MD; Murad A. Sunalp, MD; Kenneth W. Wright, MD 


e Two patients with lymphedema-disti- 
chiasis syndrome illustrate that both 
Milroy's disease and late-onset heredi- 
tary lymphedema are sometimes associ- 
ated with distichiasis. It is important for 
ophthalmologists to be aware of the lym- 
phedema-distichiasis syndrome because 
of its ophthalmic manifestations and the 
associated systemic abnormalities that 
can be potentially life threatening. 

(Arch Ophthalmol. 1991;109:980-981) 


ymphedema-distichiasis syndrome 
is an autosomal-dominant condition 
causing ocular and systemic complica- 
tions, including spinal arachnoid cysts 
and congenital heart defects. Prompt 
recognition of these associated lesions 


leads to proper evaluation and 
treatment. 
Chronic hereditary lymphedema 


(Milroys disease) is relatively rare. 
The association between distichiasis 
and hereditary lymphedema was first 
reported by Campbell.' Distichiasis, an 
aberrant second row of cilia arising 
from or near the meibomian orifices, 
may present as photophobia, blepharo- 
spasm, tearing, or a recurrent red eye. 
Additional ocular and systemic abnor- 
malities have been described with lym- 
phedema-distichiasis syndrome. We 
describe two patients with hereditary 
lymphedema and distichiasis. The two 
cases illustrate the variety of forms of 
lymphedema that may be associated 
with distichiasis. We also describe the 
association of Milroy's disease with the 
corneal iron line. To our knowledge, 
this association has not been previous- 
ly described. 


REPORT OF CASES 


CASE 1.—A 17-year-old Mexican-Ameri- 
can girl presented to the Los Angeles Coun- 
ty/University of Southern California Eye 
Clinic with a 3-month history of intermit- 
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tent redness, itching, and burning in both 
eyes. Results of the eye examination re- 
vealed visual acuity of 20/20 bilaterally with 
correction. The lid margin showed distichia- 
sis of all lids. These cilia were fine and 
directed in random fashion. The conjunctiva 
was chemotic in both eyes, with fleshy 
swelling more prominent inferiorly (Fig 1). 
Results of corneal examination showed su- 
perficial vascularization of the peripheral 
cornea and a perilimbal iron pigment line 
inferiorly. Results of the eye examination 
were otherwise unremarkable. 

Results of general physical examination 
revealed edema of the lower extremities 
extending to the knees (Fig 2). This swell- 
ing was noted at birth. Pitting was demon- 
strated with application of hard and sus- 
tained pressure. There was no history of 
acute erysipelas-type attacks. 

Results of laboratory studies, including 
calculation of erythrocyte sedimentation 
rate, urinalysis, complete blood chemistry 
tests, liver function tests, serologic tests to 
detect syphilis, titers to detect toxoplasmo- 
sis or cysticercosis, chromosomal banding 
studies, and roentgenograms of the chest 
and skull were all within normal limits. 
Lymphangiography was attempted, but no 
lymphatic vessels were identified despite 
multiple attempts. This was believed to be 
presumptive evidence of lymphatic hypo- 
plasia. 

Results of biopsy of the conjunctiva re- 
vealed chronic inflammation and scarring of 
the conjunctival stroma. Plasma cells, lym- 
phocytes, and mast cells were prominent 
along the epithelial stromal junction. Colla- 
genization of the conjunctival stroma was 
also noted. 

The patient’s family history was signifi- 
cant in that one of seven siblings also had 
congenital lymphedema, but family mem- 
bers were unavailable for examination. 


Fig 1.—Distichiasis of lower eyelashes and 
chemosis in case 1. 


LA 





CASE 2.—A 15-year-old boy presented 
with a 6-month history of recurrent lymphe- 
dema of both lower extremities. He also 
had a history of distichiasis bilaterally, 
which the family treated with epilation. The 
family history was significant for lower leg 
lymphedema in a paternal uncle. 

Results of a general physical examination 
revealed 2+ pitting edema of both lower 
extremities distal to the knees and good 
pulses. Results of cardiac examination and 
Doppler studies of the lower extremities 
were within normal limits. Despite the 
history of epilation, a second row of cilia 
was seen on all four eyelids emanating from 
the meibomian orifices. No corneal scarring 
or ulceration was seen. Results of the re- 
mainder of the general physical and ocular 
examination were normal. 


COMMENT 


Chronic hereditary lymphedema of 
the lower extremities was first de- 
scribed by Letressier in 1865° and 
again by Nonne in 1891. In 1892, 
Milroy’ reported lymphedema in six 
generations of one family. All forms of 
hereditary lymphedema are considered 
Milroys disease. Unfortunately, this 


Fig 2.—Lymphedema of the lower extrem- 
ities in case 1. 
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obscures the differences between Mil- 
roys disease and other forms of prima- 
ry lymphedema. Milroy's original de- 
scription of the disease is quite precise: 
"It is congenital in onset. It is not 
painful or tender. It occurs in both 
sexes.” Kinmonth’ concludes that Mil- 
roys disease should describe only 
those cases of primary lymphedema 
that are congenital and hereditary. 
Lymphangiographic examination of pa- 
tients with Milroy’s disease shows ab- 
normal, hypoplastic lymph pathways 
with obstructed lymphatic trees distal 
to the limb. Patient 1 had painless 
hereditary lymphedema at birth. Pre- 
sumptive evidence of lymphatic hypo- 
plasia was the inability to cannulate a 
lymphatic vessel despite multiple at- 
tempts in this patient. Therefore, Mil- 
roy’s disease was diagnosed. 
Distichiasis has been described only 
in association with delayed-onset lym- 
phedema.”* Distichiasis in a patient 
with Milroy’s disease has not been 
described. Distichiasis has been re- 
ported only in patients with histories 
similar to that of patient 2 who devel- 
oped edema at or near adolescence. 
Furthermore, previous patients with 
delayed-onset lymphedema and disti- 
chiasis have had bilateral hyperplasia 
of the lymphatics in the lower extrem- 
ities on lymphographic examination.’ 
The classification and nomenclature 
of primary lymphedema has been a 
subject of confusion for decades. Based 
on our cases, it appears that distichia- 
sis may be associated with both Mil- 
roys disease (hypoplastic lymphatics) 
and late-onset hereditary lymphedema 
(hyperplastic lymphatics). Further ex- 
amination of all patients presenting 
with chronic edema verified lymphan- 
giographically will more clearly delin- 
eate the cause of the primary lymphe- 
dema associated with distichiasis. 
Patient 1 presented with chemosis 
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Strabismus 
Pterygium coli, lower lid ectropion 


Bifid uvula and submucous cleft palate 
Pterygium coli and ptosis 
Congenital heart defects 







Yellow nails and pleural effusions 
Primary pulmonary tension and cerebrovascular 
malformation 
Obstructive jaundice 
Intestinal lymphangiectasia 





and a corneal iron line. Iron precipi- 
tates from the tear film when poor tear 
film exchange and stasis occurs. Che- 
mosis is a known ocular manifestation 
of Milroy’s disease." This chemotic 
state causes stasis of fluid and pooling 
of tears at the limbus. This stasis 
allows iron to precipitate from the tear 
film, causing an iron line. Interesting- 
ly, chemosis has not been described 
with delayed-onset lymphedema. This 
is consistent with our findings of che- 
mosis in patient 1 (with Milroy’s dis- 
ease), but not in patient 2 (with de- 
layed-onset lymphedema). 
Lymphedema-distichiasis syndrome 
is important in pediatric ophthalmolo- 
gy. Knowledge of this syndrome allows 
the ophthalmologist to recognize sub- 
tle lymphedema, institute earlier 
treatment, and, hence, prevent dis- 
ability. The ocular manifestations and 
their complications (eg, corneal ulcer- 
ation and scarring) can also be man- 
aged expeditiously. Most importantly, 
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Table 1.—Reported Anomalies Associated With Distichiasis and Lymphedema 


Anomaly Source, y 


Fusion of various thoracic vertebrae and extradural cysts 





Table 2.—Reported Anomalies Associated With Lymphedema 


Anomaly Source, y 












Campbell,’ 1945 
Falls and Kertesz,?? 1964 
Chynn,'' 1967 
Bergland,'* 1968 
Robinow et al,’ 1970 
Jester,'5 1977 

Shammas et al,'^ 1979 
Goldstein et al,'? 1985 
















Allen, '® 1934 
Avasthey and Roy," 1968 






Sharp and Krivit,'^ 1971 
Vardy et al,'? 1975 






associated abnormalities (Tables 1 and 
2), which are potentially life threaten- 
ing, can be diagnosed and treated. For 
example, children who present with 
this syndrome and vague neurologic 
complaints should be evaluated for spi- 
nal arachnoid cysts immediately. 
Timely recognition and surgical exci- 
sion can often prevent severe neuro- 
logic sequelae.’ These patients must 
also be evaluated to detect congenital 
heart defects. Cardiac defects associ- 
ated with this syndrome include pul- 
monary stenosis, absent inferior vena 
cava, coarctation of the aorta, atrial 
and ventricular septal defects, and 
arrhythmias. 

Chronic hereditary lymphedema and 
distichiasis are inherited as autosomal- 
dominant traits." As is characteristic 
of autosomal-dominant genes, pene- 
trance can be incomplete and expres- 
sion variable. This is evident in our 
patients, and genetic counseling is ad- 
vised for these patients. 
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Primary Rhabdomyosarcoma of the Iris 


Frederick J. Elsas, MD; Elizabeth C. Mroczek, MD; David R. Kelly, MD; Charles S. Specht, MD 


e We describe herein a 4-year-old girl 
with primary rhabdomyosarcoma of the 
right iris. Malignant cells were aspirated 
from the aqueous humor, and the eye 
was enucleated 7 months after the tumor 
appeared. To our knowledge, only two 
cases of primary rhabdomyosarcoma of 
the iris have been reported. Both of these 
patients received radiation therapy prior 
to enucleation. 

(Arch Ophthalmol. 1991;109:982-984) 


ris tumors occur infrequently in 

childhood. Primary iris masses are 
usually nevi, juvenile xanthogranulo- 
mas, or, rarely, leiomyomas, whereas 
leukemia, lymphoma, and retinoblas- 
toma may cause metastatic iris tu- 
mors. A primary rhabdomyosarcoma 
of the iris has been reported only 
twice, to our knowledge. Both pa- 
tients received courses of radiation pri- 
or to histopathologic examination of 
the tumor, leading to speculation that 
radiation may have induced rhabdo- 
myoblastic differentiation. We de- 
scribe a third patient with primary 
rhabdomyosarcoma of the iris who re- 


ceived no radiation during her 
treatment. 
REPORT OF A CASE 


In March 1989 a tan mass was noted on 
the right iris of a healthy 25-month-old 
white girl. She was examined in April 1989. 
She fixed centrally and steadily with each 
eye and her pupils were round and reacted 
normally. A fleshy, tan, slightly vascular 
mass was present on the peripheral inferior 
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temporal iris extending from the 6:30 to the 
8:30 positions. The eye was painless and the 
patient's parents thought the mass had not 
increased since they first noted it. Ultra- 
sonographie examination of the eye re- 
vealed only the anterior iris mass. The 
results of the general physical examination 
were normal and revealed no skin lesions. 
Results of peripheral blood studies, com- 
puted tomography of the head, and bone 
scans were normal. A tentative diagnosis of 
juvenile xanthogranuloma was made, and 
1% prednisolone acetate drops were in- 
stilled into the right eye every 4 hours. 

Two weeks later, the mass had not re- 
sponded to this therapy. It had enlarged 
and a white, fluffy aggregate appeared 
floating in the anterior chamber (Fig 1). 
The pupil dilated elliptically after mydriatie 
drops were instilled. In May 1989, the 
patient was examined while anesthetized. 
Multiple white excrescences were present 
both on the inferior iris, adjacent to the 
original mass, and in the inferior angle. 
Indirect ophthalmoscopy with scleral de- 
pression revealed no abnormalities in either 
eye. Aqueous (0.1 mL) was aspirated and 
examined histopathologically. A rare mono- 
cyte was seen. No atypical cells were 
present. A bone marrow aspirate showed 
no abnormalities. 

The iris mass continued to enlarge slowly 
and the patient was evaluated by a consul- 
tant in June 1989. Repeated aqueous aspira- 
tion revealed primarily inflammatory cells. 
Rare clusters of atypical cells were present, 
but no diagnosis could be made. The intra- 
ocular pressure was elevated, and 
0.25% timolol maleate and 5% homatropine 
hydrobromide drops were added to the 
patient’s regimen. 

In September 1989 the mass enlarged 
significantly and the white flocculent mate- 
rial in the anterior chamber had increased 
(Fig 2). Intraocular pressure was 35 mm 
Hg. A third examination under anesthesia 
was performed in September 1989, and 
examination of anterior chamber aspirate 
revealed clumps of malignant small cells 
(Fig 3). The results of peripheral blood 
studies and a bone scan were again normal. 
The eye was enucleated in October 1989. 





Histopathologic examination of the globe 
revealed an iris tumor composed of sheets 
of malignant small cells with prominent 
nucleoli and scanty cytoplasm. Scattered 
macrophages imparted a “starry sky” ap- 
pearance (Fig 4). The tumor infiltrated iris 
stroma but showed no tendency to invade 
blood vessels. Much of the filtration angle 
was closed by peripheral anterior sy- 
nechiae. Clusters of undifferentiated tumor 
cells were floating freely in the anterior 
chamber and were responsible for the floc- 





Fig 1.—Mass on inferior iris extending from 
the 5:30 to the 8:30 positions. An aggregate of 
white material floats in the anterior chamber 
(arrow). 


Fig 2.—Five months after presentation, the 
iris mass extends from the 3:30 to the 8:30 
positions and multiple white masses float in 
the anterior chamber. 
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Fig 3.—Anterior chamber paracentesis reveals clumps of malignant 
small cells with large hyperchromatic nuclei, prominent nucleoli, and 
scanty cytoplasm (hematoxylin-eosin, original magnification x 330). 


culent, white material noted clinically. Oc- 
casional straplike rhabdomyoblasts contain- 
ing cross striations were present at the 
tumors periphery. The immunoperoxidase 
technique for muscle-specific actin stained 
the cytoplasm of the round cells and con- 
firmed the presence of cross striations in 
the rhabdomyoblasts (Fig 5). Immunoper- 
oxidase stains for desmin displayed similar 
positive reactions in the tumor cells. No 
evidence of extraocular extension of the 
tumor was seen. 

Transmission electron microscopy re- 
vealed cytoplasmic microfilaments within 
the tumor cells. Focal aggregates of elec- 
tron-dense filaments resembling Z-band 
material were present (Fig 6). The cyto- 
plasm also contained rough endoplasmic re- 
ticulum and glycogen rosettes. The nuclei 
were moderately pleomorphic and con- 
tained marginated heterochromatin. The 
sample examined with transmission elec- 
tron microscopy had only poorly differenti- 
ated tumor cells. However, these features 
suggested myoblastic differentiation and 
are consistent with rhabdomyosarcoma. 

The patient received no further treat- 
ment following enucleation and was alive 
and well 7 months after surgery and 14 
months after the tumor initially appeared. 


COMMENT 


To our knowledge, only two patients 
with primary rhabdomyosarcoma of 
the iris have been described previous- 
ly." The appearance of these tumors 
and their relatively benign clinical 
courses bear a striking similarity to 
the tumor in our patient. Naumann et 
al' described a 5-year-old girl with an 
iris mass that was present for 3 
months before examination. The mass 
appeared to shed white material into 
the anterior chamber. A sector iridec- 
tomy provided no diagnosis and the 
eye received three courses of radiation 
totaling 7600 cGy during the 3 years 
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Fig 4.—The tumor is composed of sheets of malignant small cells. 
Scattered macrophages are present (hematoxylin-eosin, original 
magnification x 132). 





Fig 5.—Rhabdomyoblasts with cross striations are present in the tumor's periphery (arrow) 
(immunoperoxidase technique for muscle-specific actin, original magnification 132). 


following the first examination. Sec- 
ondary glaucoma developed. The eye 
was enucleated 44 months after the 
patient was first examined, and histo- 
pathologic examination revealed rhab- 
domyosarcoma confined to the globe. 
The patient was examined 20 years 
after the tumor's initial presentation 
and was alive and well (Prof G. O. H. 
Naumann, written communication, 
January 9, 1990). 

Woyke and Chwirot described a 
4-year-old girl with a similar iris mass. 
She received two courses of ocular 
radiation totaling 1600 eGy prior to a 
sector iridectomy 7 months after the 
tumor’s initial presentation. Rhabdo- 
myosarcoma was diagnosed in the 


specimen. Secondary glaucoma devel- 
oped, and the eye was enucleated 
10 months later. She was alive and 
well 5 years after the tumor appeared. 

The origin of our patients tumor 
remains conjectural. While most rhab- 
domyosarcomas arise from mesen- 
chyma, it seems more likely that this 
tumor arose from teratomatous differ- 
entiation in a rest of pluripotential 
medullary epithelium within the poste- 
rior iris. In addition to the neural 
retina, the medullary epithelium of the 
optic vesicle differentiates into ciliary 
epithelium and the muscle of the iris, 
which is smooth muscle in mammals 
but striated muscle in birds and rep- 
tiles. 
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Fig 6.—The cytoplasm of a poorly differentiated tumor cell contains cytoplasmic microfila- 
ments, rough endoplasmic reticulum, and glycogen rosettes. Focal aggregates of microfila- 
ments resemble Z-band material (arrows) (Armed Forces Institute of Pathology MIS91-5024; 
transmission electron microscopy, original magnification x 21 000). 


Similar rhabdomyoblastic differenti- 
ation has been described in an analo- 
gous, although not identical, situation. 
In 1972, Zimmerman et al’ described 
four cases of teratoid medulloepithe- 
lioma in which rhabdomyoblasts were 
present. In three of these cases, typi- 
cal rhabdomyoblasts with cross stria- 
tions were seen with light microscopy; 
in the fourth case, electron microscopy 


=- was required to delineate myofila- 


ments. Recently, Wilson et al' de- 
scribed a rhabdomyosarcoma arising in 
the ciliary body of a 12-year-old boy. 
The authors proposed that this tumor 
arose as the result of “one-sided” dif- 
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ferentiation of a teratoid medulloepi- 
thelioma into a single cell type. No 
histopathologic evidence of medullo- 
epithelioma was seen in that case or in 
the present case. The results of im- 
munoperoxidase studies using neuron- 
specific enolase, glial fibrillary acidic 
protein, S100 protein, and neurofila- 
ments were negative. It is reasonable 
to postulate that rhabdomyoblastic dif- 
ferentiation occurred in our case from 
the same cell line as in those cases 
described by Zimmerman et al.” 

Both patients previously described 
with primary iris rhabdomyosarcoma 
received radiation therapy prior to 


their histopathologic diagnosis. Al- 
though unlikely, it is possible that this 
may have led to rhabdomyoblastie dif- 
ferentiation, thus causing these tu- 
mors. Our patient received no radia- 
tion therapy during her course, thus 
eliminating this as a potential source of 
rhabdomyoblasts. 

Broughton and Zimmerman! re- 
viewed 56 cases of intraocular medul- 
loepitheliomas and found 37 to be ma- 
lignant. Forty-six percent of these 
patients had heterologous elements, 
including the four with rhabdomyo- 
blastic differentiation noted  previ- 
ously. Extraocular extension of 
medulloepithelioma in 10 patients was 
the most important feature in deter- 
mining prognosis. The four deaths oc- 
curred in this group. The clinical 
course of iris rhabdomyosarcoma in the 
three patients described attests to the 
tumors relatively benign behavior 
when it is confined to the globe. 


The opinions or assertions contained herein are 
the private views of the authors and are not to be 
construed as official or as reflecting the views of 
the Department of the Army or the Department 
of Defense. 
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Congenital Cystic Eye With Multiple 


Ocular and Intracranial Anomalies 


Louis R. Pasquale, MD; Nongnart Romayananda, MD; Joseph Kubacki, MD; Michele H. Johnson, 


e We describe a newborn with congen- 
ital cystic eye, contralateral persistent 
hyperplastic primary vitreous, and cere- 
brocutaneous abnormalities. The cere- 
brocutaneous abnormalities consisted of 
agenesis of the corpus callosum, mid- 
brain deformity, malformed sphenoid 
bone, right upper eyelid coloboma, and a 
left periocular hamartoma. The results of 
karyotype analysis of the patient and his 
parents were normal. The association of 
congenital cystic eye with contralateral 
persistent hyperplastic primary vitreous 
has not been previously reported, to our 
knowledge. Although no unifying diag- 
nosis exists for the collection of anoma- 
lies demonstrated in this patient, the 
term cranial ectodermopathy broadly 
classifies most of the defects. 

(Arch Ophthalmol. 1991;109:985-987) 


C ongenital cystic eye is a rare anom- 

aly resulting from partial or com- 
plete failure of the optic vesicle to 
invaginate. Duke-Elder' reviewed the 
literature from 1880 to 1960 and found 
16 cases that he believed represented 
this entity. Since then, another seven 
documented cases have been re- 
ported. While one case of congenital 
cystic eye with coincidental maternal 
varicella infection has been reported,’ 
most cases seem to be unassociated 
with an obvious prenatal insult or chro- 
mosomal abnormality. We describe a 
newborn with congenital cystic eye 
who also demonstrated a unique con- 
_ Stellation of other anomalies. 


REPORT OF A CASE 


A 2940-g white male newborn presented 
with a mass protruding from the left orbit. 
He was the full-term product of an uncom- 
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plicated pregnancy, labor, and delivery. 
The patient was the first child of healthy, 
nonconsanguineous parents. The family his- 
tory was significant for a maternal cousin 
(mother's sister's child) who died of ectopia 
cordis and a paternal male cousin with 
mental retardation of unclear origin. 

Examination revealed a large, highly vas- 
cular left orbital mass protruding through 
the palpebral fissure (Fig 1). The left orbit 
was otherwise clinically anophthalmic. The 
lids were stretched and adhered to the 
mass. Periocular dermal appendages were 
present at the lateral aspect of the left 
upper lid. The child winced at light placed 
in front of his right eye. A colobomatous 
defect was present slightly nasal to the 
center of the right upper lid. The right 
cornea was clear and measured 10 mm in 
diameter horizontally. The anterior cham- 
ber was shallow, but there was no iridocor- 
neal touch. The right pupil was 4 mm in 
diameter, slightly irregular, and sluggishly 
reactive to light. The blue iris contained 
several vessels as well as a fibrovascular 
membrane at the 4-o'clock position. 

Intraocular pressure, as determined with 
Schiotz tonometry, was 16 mm Hg. Fundus 
examination was difficult due to poor pupil- 
lary mydriasis. B-scan ultrasonography re- 
vealed a retrolental mass consistent with 
persistent hyperplastie primary vitreous. 
The axial length was 18.1 mm (mean - SD 
normal length, 16.8 -- 0.6 mm)." The remain- 
der of the physieal examination revealed 
multiple punched-out lesions of the scalp 
and face, but the results were otherwise 
unremarkable. The results of the chromo- 
somal analysis were normal. 

Computed tomography performed after 
intravenous contrast administration re- 
vealed that the left-sided orbit mass was 
composed of a solid, peripherally enhanc- 
ing, posterior component and an anterior 
cystic component (Fig 2) Magnetic reso- 
nance imaging (Fonar 0.3 T, Melville, NY) 
established that the solid tissue was differ- 
ent in signal characteristics from the adja- 
cent brain, making encephalocele an unlike- 
ly diagnosis. Injection of radiopaque 
contrast material into the cyst failed to 
demonstrate intracranial communication. 
Computed tomographic bone windows 
showed a dehiscence in the sphenoid bone 
at the level of the superior orbital fissure. 
Both the lateral wall of the orbit and the 
residual sphenoid were thickened. Imaging 
of the brain demonstrated that the corpus 
callosum was absent. In addition, deformity 
of the midbrain was seen with prominence 
of the supracerebellar cistern. The fourth 
ventricle communicated widely with a large 
cisterna magna. 

At age 5 days, the patient underwent 
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repair of the right upper lid coloboma and 
excision of the left orbital cyst and periocu- 
lar skin appendages. Subsequent surgical 
intervention was contemplated for the right 
eye but was delayed due to an intractable 
seizure disorder that required several hos- 
pitalizations. Follow-up examination of the 
right eye at age 8 months revealed an 
extremely shallow anterior chamber and a 
cataractous lens. The B-scan showed a shal- 
low retinal detachment nasal to the optic 
nerve. A vitrectomy and lensectomy were 
performed, but follow-up B-scan ultraso- 
nography revealed vitreous hemorrhage 
and persistent shallow retinal detachment. 
The axial length was measured again and 
was 18.2 mm at age 10 months (normal 
length, 20.7 mm with a 95% confidence 
interval of 19.0 to 21.7 mm)." Subsequent- 
ly, the right eye became phthisical and a 
mild right hemiparesis developed. 


RESULTS 
Gross Pathologic Findings 


The orbital specimen consisted of a 
5x4.5x4.5-em opaque vascular cyst 
with a firm stalk. The cyst was diffuse- 
ly but poorly transilluminated. The 
stalk consisted of a solid white central 
core surrounded by reddish-brown tis- 
sue. On eross-section analysis, a small 
cavity was seen in the center of the 
solid white mass (Fig 3) The outer 
surface of the stalk was covered by 
scant orbital fat and muscle. On its cut 
surface, the bisected cyst revealed 
vascular core masses budding into a 
cystic cavity. Many  trabeculated 
strands of white tissue were connected 
to the inner cyst wall (Fig 4). The 
overall thickness of the cyst was ap- 
proximately 1 mm. The anterior por- 
tion of the cyst wall was thicker, mea- 
suring approximately 3 mm. The wall 
was also slightly thicker on either side 
of the stalk. The periorbital skin ap- 
pendages were firm, solid masses with 
smooth surfaces. The largest of the 
dermal appendages measured 2x 1x 
1 em. 


Light Microscopy 


The outer surface of the cyst was 
covered by nonkeratinized, stratified, 
squamous epithelium that varied in 
thickness and showed diffuse, marked 
parakeratosis. In many areas, the sur- 
face epithelium was necrotic. No gob- 
let cells were identified. The under- 
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Fig 1.—External photograph of the left orbital 
mass protruding through the palpebral fis- 
sure. Peculiar dermal appendages are pre- 
sent at the lateral aspect of the left upper lid. 





Fig 2.—Contrast-enhanced computed tomo- 
graphic scan demonstrates a mixed-density 
mass expanding the orbit with a large cystic 
anterior component. Mild enhancement is 
seen at the lateral (solid arrow) and medial 
(open arrow) aspects of the intraorbital com- 
ponent. The globe is absent. No recognizable 
normal orbital structures are seen. 


lying stroma contained loose 
fibrovascular connective tissue. The 
inner surface of the cyst was lined with 
neuroglial tissue that was more pro- 
nounced at the anterior and posterior 
aspects. The stalk contamed disorga- 
nized, poorly formed bundles of telan- 
giectatic neuroglial tissue remotely re- 
sembling optic nerve. In addition, 
myxomatous connective tissue, con- 
sisting of stellate cells, capillaries, and 
multiple communicating channels, was 
present. The lumen of the optic stalk 
was lined by ependymal cells. Occa- 
sional foci of fleurettes and rosettes 
were present in the stalk (Fig 5). 

In other areas, the inner surface of 
the stalk was lined by immature retina 
with apparent limiting membranes. 
Dysplastie retinal elements were also 
located in the thick anterior aspect of 
the inner cyst wall and in small islands 
of neuroglial tissue that were floating 
freely in the cyst cavity. These foci of 
retinal dysplasia stained positively for 
retinal S antigen. In most sections, 
small foci of uveal pigment lined the 
inner surface of the stalk (Fig 6). No 
inflammatory cells were present in the 
cyst. Periodie acid-Schiff stain failed 
to demonstrate any basement mem- 
brane structure. Cornea, lens, iris, cili- 
ary body, choroid, and sclera were not 
identified. The dermal appendages 
showed a compact collagen core cov- 
ered by keratinized, stratified, squa- 
mous epithelium with copious piloseba- 
ceous units. 


COMMENT 


Normally, invagination of the optic 
vesicle occurs at the fourth week of 
gestation. Congenital cystic eye, which 
results from failure of the optic vesicle 
to invaginate, can occur in isolation 


Fig 3.— Gross photograph of a cross section through the orbital apex. 
A small central cavity (arrow) is present in the center of the solid white 


mass. The outer surface of the mass is covered by scant orbital fat and 


muscle. 
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or with other malformations, such 
as contralateral microphthalmia with 
cyst” and dermal appendages.’ Mi- 
crophthalmia with cyst results from an 
abnormality in closure of the embryon- 
ic fissure. The dermal appendages are 
thought to result from a failure of 
normal coalescence of the facial buds.” 
These embryologic events normally 
take place at 6 weeks’ gestation.” 
Hence, it is not surprising that mi- 
crophthalmia, dermal appendages, and 
congenital cystic eye could be seen in 
combination since they result from ab- 
normalities in developmental events 
that are temporally related. The 
pathogenesis of colobomata of the lids 
is unclear but may involve the constric- 
tive action of amniotic bands or local- 
ized failure of the lid folds to adhere, 
which normally occurs by the 10th 
week of gestation.” Persistent hyper- 
plastic primary vitreous results from 
failure of resorption of the hyaloid 
vascular system, which begins at 11 
weeks’ gestation. To our knowledge, 
there have been no previous reports of 
persistent hyperplastic primary vitre- 
ous associated with congenital cystic 
eye. 

Our case shares many of the extraoc- 
ular manifestations of the oculocere- 
brocutaneous syndrome first described 
by Delleman. Al-Gazali et al^ summa- 
rized the findings in nine patients with 
Delleman’s syndrome, which included 
intracranial cysts, agenesis of the cor- 
pus callosum, and dermal appendages 
in association with microphthalmia 
with cyst. Congenital cystic eye has 
not been a recognized feature of this 
entity. However, ocular tissue was not 
evaluated in all cases reported by Al- 
Gazali et al. It is possible that some 
cases in this series were truly cases of 


Fig 4.—Gross photograph of the cut surface of the orbital mass. The 
stalk contains a solid white core surrounded by vascular tissue. 
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Fig 5.—Photomicrograph of dysplastic ele- 
ments in the apex of the orbital mass. The 
inner aspect of the orbital mass is lined by 
palisading, basophilic cells with limiting mem- 
branes. Several rosettes (arrows) were inter- 
spersed between neuronal cells that do not 
show any retinal differentiation (hematoxylin- 
eosin, original magnification x 400). 


congenital cystic eye, particularly 
those in which the ocular component 
was designated as an orbital cyst with- 
out microphthalmia. 

Few descriptions of intracranial ab- 
normalities associated with congenital 
cystic eye exist."^" This may be relat- 
ed to the fact that many reports of 
congenital cystic eye predate the era of 
sophisticated neuroimaging and the 
paucity of well-documented cases. In 
our case, several intracranial abnor- 
malities were present. The radiologic 
appearance of the sphenoid bone, 
which normally contains the foramen 
for the optic nerve in its lesser wing, 
was particularly unusual. Unfortunate- 
ly, these abnormalities do not provide 
further insight into the pathologic find- 
ings in this case. 
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Fig 6.— Photomicrograph of a small foci of pigmented cells that lined the inner wall of the cyst 
(hematoxylin-eosin, original magnification x 400). 


This ease of congenital cystic eye 
exhibited the typical histologic fea- 
tures of retinal dysplasia, rich angio- 
matous networks, and hamartomatous 
proliferation of neuroglial tissue. Prim- 
itive lens material was absent, but it 
has been observed in some earlier 
cases of congenital cystic eye," possi- 
bly resulting from an abortive attempt 
at optic vesicle invagination. Histologi- 
cally, the lumenal cavity in the apex of 
the orbital mass was lined with epen- 
dyma and surrounded by neuroglia. 
These findings are consistent with a 
report by Sacks and Lindenberg," who 
studied the gross and histologic fea- 
tures of the anterior visual pathway of 
a patient with bilateral congenital cys- 
tic eye. At autopsy, one orbital cyst 
was found connected to a tubular chan- 
nel with an ependymal lining originat- 
ing in the floor of the third ventricle 
and surrounded by myelinated axons. 
Sacks and Lindenberg believed that 
the myelinated axons represented ef- 
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Immunohistochemistry of Terrien's and 


Mooren's Corneal Degeneration 
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e Lamellar keratoplasty specimens 
from a patient with Terrien's marginal 
degeneration and a patient with Moor- 
en's ulcer were compared using routine 
histopathologic and immunohistochemi- 
cal staining with an avidin-biotin-peroxi- 
dase complex. Less than 25% of the 
resident cells in the Terrien's marginal 
degeneration specimen expressed major 
histocompatibility class Il antigens com- 
pared with 75% to 100% of the resident 
cells in the Mooren's ulcer specimen. 
The ratio of CD4 cells (T-helper/inducer) 
to CD8 cells (T-suppressor/cytotoxic 
cells) in the Terrien's marginal degenera- 
tion specimen was almost 1:1 compared 
with 2.4:1 in the Mooren's ulcer speci- 
men. In addition, less than 5% of the 
infiltrating cells from the Terrien's mar- 
ginal degeneration specimen stained 
positive for CD22 (B cells), compared 
with 2596 to 5096 from the Mooren's ulcer 
specimen. These data may help explain 
why Terrien's marginal degeneration 
runs a more benign course than does 
Mooren's ulcer and provides a rationale 
for the use of immunosuppressive drugs 
to treat Mooren's ulcer. 

(Arch Ophthalmol. 1991;109:988-992) 


erriens marginal degeneration is a 
rare, slowly progressive thinning of 
the peripheral corneal stroma. It is usu- 
ally bilateral and starts at the superona- 
sal quadrant as fine, yellow-white punc- 
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tate stromal opacities that progress in 
an annular or semilunar fashion along 
the circumference of the cornea. It is 
further characterized by vascularization 
of the base, with scarring and lipid 
infiltration at the leading edge. Al- 
though peripheral ectasia, corneal hy- 
drops, marked astigmatism, and perfo- 
ration have been reported as possible 
late sequelae,'" most patients show few 
symptoms. In contrast, Mooren’s ulcer 
is a more rapidly progressive, nonpuru- 
lent peripheral corneal ulcer associated 
with severe pain, photophobia, and iri- 
tis. It is characterized clinically by an 
overhanging ledge of tissue extending 
from its central margin." 

With Terrien’s marginal degenera- 
tion, the corneal epithelium is intact, 
and a clear interval is present between 
the limbus and the site of the patholog- 
ic lesion. With Mooren’s ulcer, there is 
marked corneal epithelial loss that can 
spread centrally as well as circumfer- 
entially to involve the sclera, but no 
accompanying clear interval between 
the cornea and limbus appears. Ac- 
cording to its classic description by 
Terrien in 1881, Terrien’s marginal 
degeneration is rarely accompanied by 
inflammatory signs and symptoms. 
Mooren’s ulcer, in contrast, is typically 
characterized by a prominence of poly- 
morphonuclear cells with some lym- 
phocytes and multinucleated giant 
cells. Variants of both Terrien’s mar- 
ginal degeneration and Mooren’s ulcer 
have been described, but these vari- 
ants occur mostly in younger individ- 
uals and are characterized by more 
florid courses.” 

The presence of circulating immuno- 
complexes and antibodies to conjuncti- 


val and corneal epithelium have been 
reported in Mooren' ulcers." This 
was the basis for the widely held the- 
ory that a defect in immunoregulation 
exists. Increased amounts of immuno- 
globulins, plasma cells, complement, 
and mast cells were found in the adja- 
cent limbal conjunctival stroma. Treat- 
ment of these patients with conjuncti- 
val resections has been advocated. 
Recurrences are common despite the 
use of corticosteroids, immunosuppres- 
sive agents, and conjunctival resec- 
tions.” In contrast, circulating im- 
munocomplexes have not been 
reported in patients with Terrien’s 
marginal degeneration. Clear explana- 
tions of the clinieal and histologic dif- 
ferences between these two entities, 
as well as their exact causes, remain 
unclear. 

We report a case of Terrien's mar- 
ginal degeneration and a case of Moor- 
en' corneal ulcer, both of which ne- 
cessitated lamellar keratoplasty. Clini- 
cally, each case had the classic appear- 
ance of the disease, as originally de- 
scribed in the literature." "" Neither 
patient had systemic connective tissue 
disease. Routine histopathologic and 
immunohistochemical staining was 
performed on the lamellar kerato- 
plasty specimens to ascertain the im- 
munologie differences between these 
two diseases. 


REPORT OF CASES 


CASE 1.—A 26-year-old white man with 
bilateral Terrien’s marginal degeneration 
was first referred to one of the authors 
(F.W.P.) in December 1989 after he had a 
nontraumatie perforation in the left eye. 
The area of perforation and significant ul- 
ceration in that eye was repaired with a 
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Fig 1.— Patient 1 (Terriens marginal degeneration). External photo- 
graph of the right eye 4 months before perforation. Some thinning 
occurs 360^ around the peripheral cornea but is much more severe 


superiorly. 





Fig 3.— Patient 1 (Terrien's marginal degeneration). Results of histo- 
pathologic examination show mild lymphocytic and monocytic infiltra- 
tion in the superficial stromal layer. Inset, Inflammatory cells at higher 
magnification (hematoxylin-eosin, original magnification x 200: inset, 
original magnification x 400). 


crescent-shaped keratoplasty and a 360° 
conjunctival resection. After surgery, he 
had no signs of significant inflammation in 
the left eye and only mild inflammation 
intermittently in the right eye (Fig 1). 
However, 6 months later, he developed a 
superior perforation in the right cornea 
between the 10 o'clock and 11 o'clock posi- 
tions. The entire superior peripheral cornea 
had characteristic lipid infiltration, and the 
cornea had markedly thinned from the 8 
o'clock position clockwise to the 3 o'clock 
position. The most severely thinned and 
perforated area of the cornea was replaced 
with a crescent-shaped corneal graft via a 
360^, 2- to 3-mm resection of the conjuncti- 
va. The donor cornea was of full thickness 
superiorly and gradually tapered in the 
other areas for a varying-thickness lamellar 
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Fig 2.— Patient 2 (Moorens ulcer). External photograph of the left eye 
shows characteristic overhanging edge of epithelial defect (arrows) 
and vascularization of the base. 





Ny. c 


Fig 4.— Patient 2 (Moorens ulcer). Results of histopathologic exami- 
nation show marked lymphocytic and plasma cell infiltration and neo- 
vascularization of the superficial stroma. Note absence of the epitheli- 
um and Bowmans layer. Inset, Inflammatory cells with an edematous 


and necrotic stroma (hematoxylin-eosin, original magnification x 200; 
inset, original magnification x 400). 


graft. Both corneal grafts have remained 
clear, with no evidence of recurrent 
ulceration. 

CASE 2.—A 79-year-old white woman 
presented to one of the authors (F.W.P.) in 
September 1990 with a 15-month history of 
redness, pain, and photophobia in her left 
eye. She had been treated with various 
topical antibioties and steroids and under- 
went a partial conjunctival resection to no 
avail. On initial consultation, best corrected 
visual acuity was 20/60 OD and 20/200 OS. 
There was significant marginal ulceration of 
the peripheral cornea in the left eye extend- 
ing from approximately the 6 o'clock posi- 
tion clockwise to the 12 o'clock position (Fig 
2) There was also a large area of scleral 
thinning directly posterior to the limbus 
between the 8 o'clock and 10 o'clock posi- 


tions. Several areas of small epithelial de- 
fects were present in the areas of corneal 
and scleral ulceration, and there was an 
epithelial defect immediately underneath 
the overhanging edge of normal cornea. 
There was marked inflammation at each of 
the leading edges of the ulcerative process, 
both superiorly and inferiorly, and the en- 
tire inferior limbal area was inflamed from 
approximately the 4:30 to 7:30 positions. A 
lamellar corneoscleral graft was performed 
in the involved area, and a 360° conjunctival 
resection was done. The graft has remained 
clear. 


MATERIALS AND METHODS 


Immediately after each surgery, the ex- 
cised tissue was bisected. One half was 
fixed in 10% formaldehyde solution for 
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routine histopathologic examination, and 
the other half was snap frozen after embed- 
ment in optimal-cutting-temperature com- 
pound. All specimens were sent to the 
Laboratory of Immunology, National Eye 
Institute, for immunohistochemical analy- 
sis. Three sets of serial 4- to 6-jum cryostat 
sections from different portions of each 
frozen specimen were placed on gelatinized 
slides and air dried at 4°C for 48 hours. The 
immunoperoxidase avitin-biotin-peroxidase 
staining technique was used" to determine 
the immune profile of these tissue speci- 
mens. A panel of primary monoclonal anti- 
bodies for the detection of cellular surface 
antigens on lymphocytes, dendritie cells, 
and macrophages was used and included the 
following: CD2 (pan-T cell); CDS (T- 
suppressor/cytotoxie cell); CD4 (T-helper- 
/inducer); CD16 (NK cell); CD22 (B cell); 
CDlle (monocyte/macrophage);  Leu-10 
(HLA-DQ) and OKIa (HLA-DR). Mouse 
ascitie fluid was used as the control sub- 
stance, and biotin-labeled antimouse IgG 
antibody (1:200 dilution) was applied as a 
— a | secondary antibody. Cells were considered 
Fig 5.—Immunohistochemical stain shows mild expression of major histocompatibility class Il to demonstrate positive staining when their 
antigens (less than 25% of resident cells) in the Terrien s marginal degeneration specimen (left) cellular membranes were clearly outlined in 
compared with more marked expression (75% to 100% of resident cells) in the Moorens ulcer black after application of peroxidase stain, 
specimen (right) (avidin-biotin-peroxidase, original magnification x 200). while negative controls remained un- 
stained. Two individual masked observers 
counted the number of positive-staining 
cells in each specimen under a photomicro- 
scope at x40 magnification, and the two 
results were averaged. 


RESULTS 
Light Microscopy 





Light microscopy of the lamellar cor- 
neal button from the patient with Ter- 
riens marginal degeneration revealed 
a thickened epithelium, several 
breaks, and an irregular Bowman's 
layer. The superficial stroma was mild- 
ly infiltrated with inflammatory cells, 
which were predominantly lympho- 
cytes but also included some neutro- 
phils (Fig 3). The adjacent conjunctival 
tissue was also infiltrated with a small 
amount of lymphocytes. 

Results of light microscopy of the 
cornea from the patient with Mooren's 
ulcer revealed a focal absence of corne- 
al epithelium and Bowman's layer. The 
corneal stroma was markedly infiltrat- 
ed with lymphocytes and plasma cells 
and showed neovascularization of the 
superficial stroma (Fig 4). 


Fig 6.—Top, Immunohistochemical staining 
of the cornea of patient 1 (Terrien's marginal 
degeneration) shows an almost equal ratio of 
T-helper/inducer (left) to  T-cytotoxic- 
/suppressor (right) cells (avidin-biotin-peroxi- 
dase, original magnification x 200). Bottom, 
In contrast, immunohistochemical stain 
shows a predominance of T-helper/inducer 
(left) compared with T-suppressor/cytotoxic 
(right) cells in the cornea of case 2 (Mooren's 
ulcer; CD4-CD8 ratio, 2.4:1) (avidin-biotin- 
peroxidase, original magnification x 200). 
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Immunohistochemistry 


Major histocompatibility class II 
antigens were expressed in the corneal 
epithelial cells and keratocytes in both 
the Terriens marginal degeneration 
and Mooren's uleer specimens. Less 
than 25% of the resident cells from the 
Terriens marginal degeneration speci- 
men expressed HLA-DR and HLA- 
DQ markers, while 75% to 100% of the 
resident cells from the Mooren's ulcer 
specimen expressed these class II anti- 
gens (Fig 5). The ratio of T-helper/in- 
ducer to T-suppressor/cytotoxic cells 
was 1:1 in the Terrien' marginal de- 
generation specimen compared with 
2.4:1 in the Mooren'À ulcer specimen 
(Fig 6). Less than 5% of the cells from 
the Terriens marginal degeneration 
specimen stained positive for CD22 (B 
lymphocytes) compared with 2596 to 
50% of the cells from the Mooren’s 
uleer specimen (Fig 7) In addition, 
there were more CD3' (pan-T lympho- 
cytes) in the Mooren’s ulcer specimen 
(Table). 


COMMENT 


Most of the corneal epithelial cells 
and keratocytes from the Moorens ul- 
cer specimen expressed class II anti- 
gens. Some of the corneal epithelial 
cells and keratocytes in the Terrien's 
marginal degeneration specimen also 
expressed class II antigens, but one 
can consider this a severe case of Ter- 
riens marginal degeneration because 
patients with Terrien’s marginal de- 
generation usually do not develop 
spontaneous perforation. The expres- 
sion of class II antigens on cells that do 
not normally express these markers in 
the absence of disease may make these 
cells targets of the immune system and 
initiate presumed autoimmune dis- 
eases such as Hashimoto's thyroiditis, 
insulin-dependent diabetes mellitus, 
and Graves’ thyroidopathy. ^^ The role 
of class II antigen expression in the 
development of ocular disease has also 
been investigated. For instance, reti- 
nal pigment epithelium normally does 
not express class II antigens. Howev- 
er, the expression of class II antigens 
on the retinal pigment epithelium has 
been associated with the development 
of uveoretinal disease in patients with 
retinitis pigmentosa, sympathetic oph- 
thalmia, and Vogt-Koyanagi-Harada’s 
syndrome.^^  Aberrantly expressed 
class II antigen allows other antigens 
to be recognized by T-helper/inducer 
cells and may lead to ocular 
inflammation. 

Major histocompatibility class II 
antigens (HLA-DR and HLA-DQ) are 
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marginal degeneration specimen (left) and marked B cell expression in the Moorens ulcer 
specimen (right) (avidin-biotin-peroxidase, original magnification x200). 


No. of Positive-Staining Cells * 


Monoclonal 
Antibody Determinants 
CD8 (T-cytotoxic / suppressor) 
CD4 (T-helper / inducer) 


CD2 (pan-T cell) 

CD16 (NK cell) 

CD22 (B cell) 

CD1 1c (monocyte / macrophage) 
Leu-10 (HLA-DQ) 

OKla (HLA-DR) 


Mooren’s 


Terrien’s Marginal 
Ulcer Degeneration 





* Values are No. of positive-staining cells per square millimeter except for those of Leu- 10 and OKla, which 


are percentages. 


normally expressed only on Langer- 
hans cells in the cornea.” In the pres- 
ence of inflammation, these antigens 
are found on other cells, including the 
corneal epithelial cells, keratocytes, 
and endothelial cells. Greater class II 
antigen expression on corneal cells 
from the Mooren’s ulcer specimen sug- 
gests a more prominent immune re- 
sponse, and this correlates with the 
more extensive inflammation and tis- 
sue destruction seen in this disease. 
An increased ratio of T-helper/in- 
ducer to T-suppressor/cytotoxic cells 
in the Mooren’s ulcer specimen com- 
pared with the Terrien’s marginal de- 
generation specimen may also help 
explain the more aggressive inflamma- 
tory course characteristic of Mooren’s 
ulcer. Murray and Rahi” reported a 
decrease in the number of T-suppres- 
sor/eytotoxic cells in Mooren’s ulcer 
and suggested that this reduction may 
lead to increased T-helper/inducer cell 
activity, causing stimulation of B lym- 
phocytes and production of autoantibo- 


dies and immune-complex-mediated 
disease. Confirming this hypothesis, 
elevation of serum IgA levels and de- 
position of IgG, IgM, and complement 
in the perilimbal conjunctiva of pa- 
tients with Mooren’s ulcer have been 


reported by several authors."" Simi- 


larly, we found a significant number of 
B lymphocytes infiltrating the cornea 
with Mooren’s ulcer. 

Therapy for Mooren’s ulcer has in- 
cluded the use of immunosuppressive 
agents that inhibit T lymphocyte acti- 
vation. Wakefield and Robinson" and 
others have successfully used systemic 
cyclosporine to treat Mooren’s ulcer. 
Hill and Potter" reported that cyclo- 
sporine increases the number of T 
suppressor/cytotoxic cells.” We report 
a substantial number of both T and B 
lymphocytes infiltrating the cornea 
with Mooren’s ulcer. These findings 
suggest that cytotoxic agents that sup- 
press B lymphocytes, such as cyclo- 


phosphamide, may also be useful in the _ 


treatment of Mooren’s ulcer. {r 
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Epidemiology and Biostatistics 


Prevalence of Lens Opacities in Surgical and 


' General Populations 


Ingrid Adamsons, MD, MPH; Beatriz Mufioz, MS; Cheryl Enger, MS; Hugh R. Taylor, MD 


e The distribution and prevalence of 
lens opacities were examined and com- 
pared among three general population- 
based groups and a group that under- 
went cataract surgery. The population- 
based groups comprised subjects from 
the Framingham Eye Survey, the Nation- 
al Health and Nutrition Examination Sur- 
vey, and the study of watermen in Mary- 
land. Comparison among these groups 
revealed similar frequencies of lens 
opacities among age groups, with slight- 
ly higher rates for older individuals in the 
watermen study population. Comparison 
between the watermen and the surgical 
groups revealed that, of lenses with 
opacities, posterior subcapsular cata- 
racts were present in a far greater per- 
centage of surgery cases (60.6%) than in 
general population cases (5.3%). These 
findings confirm the generally held clini- 
cal belief that posterior subcapsular 
opacities are disproportionally repre- 
sented in the surgical population and 

- suggest that they cause more significant 
visual disability than do other types of 
cataracts. 

(Arch Ophthalmol. 1991;109:993-997) 


Limited data exist on the frequency, 

distribution, and types of lens opac- 
ities that exist in American popula- 
tions. Several population-based data 
sets are available, but these have stud- 
ied select population groups and have 


Accepted for publication April 9, 1991. 

From the Dana Center for Preventive Ophthal- 
mology, The Wilmer Institute, The Johns Hop- 
kins University, Baltimore, Md (Dr Adamsons 
and Mss Mufioz and Enger); and the Department 
of Ophthalmology, University of Melbourne (Aus- 
tralia) (Dr Taylor). 

Reprint requests to The Johns Hopkins Hospi- 
. tal, 600 N Wolfe St, 116 Wilmer Bldg, Baltimore, 
MD 21205 (Dr Adamsons). 


Arch Ophthalmol—Vol 109, July 1991 


used different definitions of cataract 
type and severity." These are the 
Framingham Eye Survey (FES), the 
National Health and Nutrition Exami- 
nation Survey (NHANES),; and a 
study of watermen in Maryland.’ We 
compared these studies with each oth- 
er and with a consecutive series of 
patients who underwent cataract sur- 
gery to evaluate the prevalence of 
different types of lens opacities in sur- 
gical and general populations in the 
United States. 

Lens evaluation in the watermen 
study was performed with the use of a 
reproducible and accurate system of 
lens photodocumentation.*^ These lens 
gradings were then evaluated with the 
use of the defining criteria of the FES' 
and of the NHANES’ to compare the 
prevalence of lens opacities among 
these three populations. The cases in 
the surgical review were evaluated by 
the same system of lens photodocu- 
mentation, and the frequency of lens 
opacity types was compared with that 
among cataract cases in the watermen 
study. In addition, the  watermen 
study photographs were analyzed to 
determine the distribution of cortical 
opacities within the lens and to exam- 
ine the association of nuclear color with 
other types of lens opacities and with 
age. 


MATERIALS AND METHODS 
Population Used in the Watermen Study 


The subjects enrolled in the Chesapeake 
Bay watermen study were men older than 
30 years who resided in either Somerset 
County (excluding the town of Princess 
Anne) or lower Dorchester County in Mary- 
land. Each subject had held at least one 
type of professional watermen license with- 


in the last 10 years.” Of the 1203 watermen 
who were eligible for this study, 838 (7096) 
were examined. Subjects received a com- 
plete eye examination, including visual acu- 
ity for each eye with best subjective refrac- 
tion and standardized clinical evaluation of 
lens opacities at the slit lamp as described 
below. Retroillumination photographs of 
the anterior and posterior cortex of the lens 
and slit photographs of the lens nucleus 
were obtained for each lens of all subjects. 
These photographs were taken and evaluat- 
ed in the standardized manner as described 
below. The more severely affected eye, in 
terms of lens opacities, was the eye entered 
into the study for all subjects. 


Population Used in the Surgical Study 


A chart review was conducted of 198 
consecutive surgical cataract cases in a gen- 
eral ophthalmology practice. All patients 
had received a complete ophthalmologic ex- 
amination, including evaluation of lens 
opacities by the same method used in the 
watermen study. All lens gradings were 
done by a single individual who also per- 
formed lens gradings in the watermen 
study. The grading system used is de- 
scribed below. 


Evaluation and Photodocumentation 
of Cortical and Posterior 
Subcapsular Opacities 


Lenses were clinically evaluated and pho- 
tographed through a pharmacologically di- 
lated pupil. The cortical spokes and wedges 
that were visible on retroillumination at the 
slit lamp were considered to be cortical 
opacities; lamellar separations, water 
clefts, and cortical flecks were not included. 
The slit beam was angled through one side, 
then through the other side, of the dilated 
pupil so that the entire lens cortex could be 
examined. The total area, rather than the 
circumferential area, that was affected by 
cortical opacities was estimated in terms of 
the number of involved one-eighth wedges 
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of the lens. Posterior subcapsular opacities 
were graded in retroillumination by mea- 
suring their greatest vertical and horizontal 
dimensions with the calibration of the slit- 
beam height. 

Retroilluminated photographs of the an- 
terior and posterior lens cortex were taken 
by a single photographer with the use of a 
retroillumination camera (Neitz Retroillu- 
mination Camera, Southern Optical, 
Greensboro, NC) with standard settings. 
Photographs of a gray-scale 10-step wedge 
were taken before each lens photograph and 
were subsequently scanned with a densi- 
tometer (Brumac TST-1, Brumac Indus- 
tries, Tischer Corp, Columbia, Md) to moni- 
tor variations in film exposure and 
processing; these were found to be minimal. 

All lens cortex photographs were read on 
a light box by two masked graders who 
used 2.5 x loupes. Neither grader had been 
involved in the clinical examination or in the 
lens photography. When grading cortical 
opacities, the photographs were placed on 
an underlay that divided the photographed 
lens into equal, wedge-shaped 16ths. Corti- 
cal spokes and wedges were graded as the 
total number of one-eighth fractions of total 
lens area involved. Single opaque lens fi- 
bers were not included. A random 10% 
sample of photographs was read twice by 
each grader to assess intraobserver agree- 
ment. Agreement between clinical and pho- 
tographic grading of cortical opacities was 
high” (k=.82, data not shown). Similarly, 
interobserver and intraobserver agreement 
in photograph evaluation for cortical opaci- 
ties was very good" (k =.67 and .85, respec- 


- tively, data not shown). 


When grading posterior subcapsular 
opacities, the overall vertieal and horizontal 
dimensions of these opacities were mea- 
sured in millimeters with the use of a 
calibrated underlay that was prepared by 
photographing a millimeter scale with the 
retroillumination camera.“ 


Evaluation and Photodocumentation 
of Nuclear Opacities 


Nuclear opacities were clinically evalu- 
ated and photographed through a pharma- 
cologically dilated pupil and were graded by 
comparison with a set of four standard slit- 
lamp photographs as previously described. 

Standardized slit-lamp photographs were 
obtained to document nuclear opacity and 
color." These photographs were taken by a 
single photographer with the use of a photo 
slit lamp (Topeon SL-5D Photoslitlamp 
Camera, Southern Optical, Greensboro, 
NC) with standard settings. The slit beam 
was 0.3 mm wide and 9 mm long and angled 
30? to the visual axis; it was focused on the 
center of the nucleus. All nuclear lens pho- 
tographs were read on a light box by two 
masked graders who used 2.5 x loupes; the 
photographs were graded by comparison 
with the standard lens photographs. Analy- 
sis of the results confirmed good agreement 
between clinical grading and photograding 
(k—.61) and good intraobserver and inter- 
observer agreement among graders of the 
lens photographs (k-.71 and .63, respec- 
tively). 

Nuclear color was graded by comparison 
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with the standard photograph 2 that was 
used in grading nuclear opacity.” Grade 0 
nuclear color was less yellow-brown than 
that of the light reflected from the posterior 
capsule of standard photograph 2. Grade 1 
nuclear color was similar to that of photo- 
graph 2, and grade 2 nuclear color was more 
yellow-brown than that of the standard 
photograph. 


Definition of Significant Lens Opacity 


When comparing the watermen study 
population with those of the NHANES and 
FES, the definitions of cataract that were 
used in the two earlier studies were applied 
to the watermen study data. 

Specifically, when comparing with the 
population in the FES,’ subjects in the 
watermen study with any lens opacities in 
addition to 20/30 or worse visual acuity 
were considered to have cataracts. When 
comparing with the NHANES population,‘ 
subjects in the watermen study were classi- 
fied as having cataracts if their lens opaci- 
ties were consistent with 20/30 or worse 
visual acuity, ie, nuclear opacity grade 3 or 
greater, cortical opacity grade 1 (one eighth 
of lens area) or greater, and/or any posteri- 
or subcapsular opacity. In each instance, 
the watermen study data were divided by 
the age groupings that were used in the 
respective published report to increase 
comparability between studies. The clinical 
lens gradings, rather than the photographic 
gradings, were used as measurements of 
the watermen lenses. 

When evaluating the surgical study popu- 
lation, significant lens opacities were de- 
fined as follows: nuclear opacity grade 3 or 
more, cortical opacity grade 2 or greater 
(cortical opacity occupying one fourth or 
more of lens area), and posterior subcapsu- 
lar opacity grade 1 or larger (^1 mm of 
posterior capsule area). 


Data Analysis 


To compare the population-based studies, 
contingency-table analysis and Mantel- 
Haenszel’ odds ratios were performed with 
the use of standard procedures in SAS: 
Version 5 (Cary, NC: SAS Institute Inc; 
1985). A logistic regression model was used 
to evaluate the independent contribution of 
age and presence of nuclear opacity to the 
intensity of nuclear color. 

Frequencies were generated for the sur- 
gical case series data; the distribution of 
lens opacity types by sex was evaluated 
with the use of the Mantel-Haenszel test. 


RESULTS 


Prevalence of Lens Opacities 
in the Watermen Study Population 


Of the 838 watermen studied, 204 
(24%) were aged between 30 and 39 
years, and 140 (17%) were older than 
70 years. The oldest subject was 94 
years old, and the mean age was 53.0 
years. Twenty-four watermen (3%) 
were black; the remainder were white. 
Data on the clinical assessment of lens 


opacities were available for 831 water-: 


men, and photographic data were 
available on cortical opacities for 749 of 
the subjects and on nuclear opacities 
for 729 of the subjects. Eighteen of the 
watermen were aphakic due to previ- 
ous cataract surgery for senile cata- 
ract. The operating ophthalmologist 
was contacted in each case, and the 
preoperative diagnosis of cataract type 
was obtained for 17 of these subjects. 
These individuals, who included seven 
subjects with posterior subcapsular 
opacities, were included in the study.” 

Clinical examination revealed nucle- 
ar opacity in 229 subjects (28%) and 
cortical opacity in 111 subjects (13%) 
(Table 1). Posterior subcapsular opaci- 
ties were present in only 14 of the 831 
men (Table 1) and included seven of 
the subjects who had already under- 
gone cataract surgery (Fig 1). Thus, 
nuclear opacities were found in 86.7% 
of individuals with lens opacities, while 
cortical opacities were found in 42.0% 
of subjects with cataracts; only 5.3% of 
those subjects with cataracts had pos- 
terior subcapsular opacities. Preva- 
lence and severity increased with age 
for nuclear and cortical opacities (Fig 
2, Table 1); this did not appear to be 
true for posterior subcapsular opaci- 
ties, although the number of cases was 
small (Fig 1). 

Lens photographs were used to eval- 
uate the age-specific distribution of 
nuclear color (Fig 3). No individual 
aged younger than 40 years, and only 
one individual aged younger than 50 
years, had nuclear color greater than 
0. The prevalence and intensity of nu- 
clear color increased with age, so that 
65% of the individuals aged older than 
79 years had grade 2 nuclear color. A 
significant association of nuclear color 
(grade >1) and presence of nuclear 
opacity was found after controlling for 
age with the use of logistic regression 
(odds ratio = 2.3; 95% confidence inter- 
val [CI], 1.3 to 4.1). 

The distribution of cortical opacities 
within the lens was determined by 
examining the retroilluminated lens 
photographs. Sixty percent of these 
opacities were found in the inferonasal 
quadrant of the lens. By contrast, the 
frequency of cortical opacities in each 
of the other three quadrants ranged 
between 7% and 15%. 


Comparison of the Prevalence of Lens 
Opacities in Different Population Studies 


When the FES definition of cataract’ 
was applied to the watermen study 
population, comparison of the two pop- 
ulation samples showed that the preva- 
lence rate in 50- to 64-year-old persons 
was similar in both groups: 5% (95% 
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Prevalence, % 


CI, 2 to 7) vs 4% in the FES. In the 
older age groups, cataract prevalence 
was somewhat higher in the watermen 
study population: 25% (95% CI, 18 to 
32) vs 16% in 65- to 74-year-old per- 
sons, and 59% (95% CI, 48 to 71) vs 
41% in 75- to 85-year-old persons. 

When the NHANES definition of 
cataract’ was applied to the watermen 
study population and these two popula- 
tion samples were compared, the prev- 
alence of lens opacities in 45- to 54- 
year-old subjects was approximately 
3% in the NHANES population and 2% 
(95% CI, 0 to 4) in the watermen study 
population. Again, cataract prevalence 
was somewhat higher in the older age 
groups in the watermen study popula- 
tion than in the NHANES population: 
1396 (95% CI, 8 to 18) vs 10% in 55- to 
64-year-old subjects, and 3896 (9596 CI, 
30 to 46) vs 28% in 65- to 74-year-old 
subjects. 

Of all cases with lens opacities, those 
consisting of a single type of opacity 
represented 67% of the cases in the 
watermen study (Table 1), 64% of the 
cases in the FES,” and 60% of the 
cases in the NHANES." Nuclear opac- 
ities, either alone or in combination, 
were the single most frequent type of 
lens opacity: 87% of cataract cases in 
the watermen study, 67% of cataract 
cases in the FES,” and 72% of cataract 
cases in the NHANES." Posterior 
subcapsular opacities, alone or in com- 
bination, were the least frequent type 
of lens opacity: 5% in the watermen 
study, 22% in the FES,” and 22% in 
the NHANES” (of cases with 
cataracts). 


Prevalence of Lens Opacities 
in a Surgical Population 


A chart review was conducted of 198 
consecutive cataract extractions that 
were performed in a one-man general 
ophthalmology practice. This group 
consisted of 63 men and 95 women. 
Surgery was performed on 111 right 
eyes and 87 left eyes. Ninety-one per- 
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* NO indicates nuclear opacity; CO, cortical opacity; and PSC, posterior subcapsular opacity. 


Table 1.—Distribution of Lens Opacities by Age in Watermen Study* 


. of 
Age Group, y itn NO CO PSC NO and CO NO and PSC CO and PSC All 3 
30-39 204 — 1 1 -— — 1 -— 
40-49 145 6 — — — — — — 
50-59 165 19 6 1 2 1 — 1 
60-69 176 58 13 — 21 4 1 1 
70-79 105 48 8 — 32 1 1 1 


No. of Cases 
no WwW AB Cc CO N 


d 30-39 50-59 70-79 
40-49 60-69 280 
Age Group, y 


Fig 1.— The age distribution of subjects with 
posterior subcapsular opacities, assessed 
clinically, in the watermen study population. 
Open bars indicate subjects with clinical pos- 
terior subcapsular opacities; closed bars, 
subjects with aphakic posterior subcapsular 
opacities. 


cent of the population was white, 5% 
were black, and 4% were of other 
racial makeup. Six patients (3.3%) 
were aged younger than 40 years, and 
93 patients (50.8%) were aged older 
than 69 years. The oldest patient was 
95 years old, the youngest patient was 
14 years old, and the mean age was 
67.5 years. 

Clinical examination revealed signif- 
icant nuclear opacity (>grade 3) and 
cortical opacity (>grade 2) in 118 pa- 
tients (65%) and in 72 patients (39%), 
respectively (Table 2). Posterior sub- 
capsular opacities were present in sig- 
nificant amounts (>1-mm?’ area) in 111 
(61%) of all patients (Table 2). 

Fifty-four percent of the cases were 
either purely or predominantly com- 
posed of one type of lens opacity (Table 
2). Twenty-six percent (47 cases) were 
entirely or predominantly posterior 
subcapsular cataracts. Nuclear opaci- 
ties were the primary or sole type of 
opacity in 21% (38) of the cases. Only 
7% (13) of the cases were primarily or 
entirely cortical opacities. Forty-six 
percent of the cases contained mixed 

















3 





100 
Grade 
1 or Worse 
80 2 or Worse 
o 3 or Worse 
> 60 4 
LLI 
© 
s «640 
20 
0 





Grade 
— 1 or Worse 
---- 2or Worse 
3 or Worse 
4 


% of Eyes 





Age, y 


Fig 2.—The age distribution of subjects with 
nuclear opacities (top) and subjects with corti- 
cal opacities (bottom), both assessed clinical- 
ly, in the watermen study population. 
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Fig 3.— The age distibution of subjects with 
nuclear color, assessed photographically, in 
the watermen study population. Dashed line 
indicates grade 1 or worse; solid line, grade 2. 
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Fig 4.—The age distribution of subjects with 
lenses that contained any of the three lens 
opacity types in the surgical case series. 
Open circles indicate nuclear opacities; 
squares, posterior subcapsular opacities; 
and closed circles, cortical opacities. 


types of opacities (Table 2). 

The type of lens opacity that was 
present at the time of surgery varied 
with the age of the patient (Table 2 and 
Fig 4). Posterior subcapsular opacities 
were seen in younger patients: 60% of 
the patients with posterior subcapsu- 
lar opacities were aged younger than 
60 years (mean age, 56 years), while 
only 1596 of the patients with nuclear 
opacities were aged younger than 60 
years (mean age, 72 years). The mean 
age of patients with cortical opacities 
was 70 years. Cataracts composed of 
more than one type of opacity were 
also more common in older patients. 

Distribution of lens opacities in men 
and in women was examined with the 
use of Mantel-Haenszel techniques, 
stratifying by age. Posterior subcapsu- 
lar opacities were twice as common in 
men than in women among individuals 
aged older than 50 years (odds ratio, 
2.28; 95% CI, 1.74 to 2.98). Nuclear 
and cortical opacities were equally 
common in men and women (odds ra- 
tio, 0.70 [0.35 to 1.42], and odds ratio, 
0.96 [0.49 to 1.88], respectively). 
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COMMENT 

The prevalence of lens opacities has 
been evaluated in populations in many 
different parts of the world, ^^ often 
with results that vary widely. These 
variations have been ascribed partly to 
differences in the populations that 
were studied (eg, age distribution or 
geographic location) and partly to dif- 
ferences in the definition of lens opaci- 
ties that was used (eg, presence or 
absence of a visual acuity restriction). 
By limiting our comparison to cata- 
raets in US population samples, we 
hoped to limit the former cause of 
variability. To limit the latter cause of 
variability, we used a standardized 
method of photodocumentation for lens 
opacities that has been previously de- 
sceribed^^ and shown to be reproducible 
and accurate.” Furthermore, lens pho- 
tographs provide a permanent record 
that ean be examined against study 
criteria that can be varied as desired.” 
This was done to compare the FES 
results and the NHANES results with 
the watermen study results. 

Comparison of the prevalence of lens 
opacities in the different population 
studies showed similar prevalence 
rates in the younger age groups (age, 
<65 years) but somewhat higher rates 
in older age groups for the watermen 
study population. The absolute rates 
that were obtained varied with the 
definition used: when using a definition 
that approximated that of the FES, 
watermen aged between 65 and 74 
years had a 2596 prevalence of signifi- 
cant lens opacities compared with 15% 
in the FES. However, when a defini- 
tion that approximated the NHANES 
definition was applied to the watermen 
study population, 38% of the watermen 
aged between 65 and 74 years had 
significant lens opacities compared 
with 28% in the NHANES. It is un- 
clear whether this difference is real or 
secondary to definitional artifact due 
to the inclusion of a visual criterion in 





co 


the definitions used by the two earlier 
studies. 

Selection biases were present in 
each of the population-based studies. 
The FES evaluated a white, middle- 
class, New England population in 
which the subjects were the survivors 
of the original Framingham Heart 
Study cohort. These individuals had 
been participating in the Framingham 
Heart Study since 1949 and were still 
living in the local Framingham area." 
The NHANES population, which was 
studied for cataract, was limited to 
white and black examinees who had 
resided for at least half of their lives in 
the state where they were examined; 
this included only 73% of all the 45- to 
74-year-old subjects who were exam- 
ined." In addition, nearly all subjects 
lived within 20 to 30 miles of their 
examination site," which may have 
created an urban bias. Finally, the 
NHANES population was weighted 
toward poor individuals." The water- 
men study evaluated an entirely male, 
predominantly white population that 
was selected solely on the basis of 
occupation.” 

The difference in the distribution of 
lens opacities between the population 
samples and the surgical sample was 
most striking for posterior subcapsular 
opacities. These opacities were the 
least frequent in the general popula- 
tion studies but were present in more 
than 60% of the surgical cases. Since 
the lens opacities were advanced 
enough to require surgery, detection 
bias was unlikely to explain this differ- 
ence in frequency between the popula- 
tion and surgical studies. Further- 
more, any detection bias that might 
have been present would not have 
been selective: the lens grader would 
have been no more likely to diagnose a 
posterior subcapsular opacity than a 
cortical or nuclear opacity. Posterior 
subcapsular opacities were found in 
patients who underwent surgery and 
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who were younger than the patients 
who had undergone surgery for other 
types of lens opacities. Although two 
patients were aged younger than 30 
years (Table 2), all other patients were 
within the age ranges of one or more of 
the general population surveys. This 
age difference at surgery and the in- 
creased prevalence in the surgical pop- 
ulation is possibly due to more rapid 
impairment of vision by posterior sub- 
capsular opacities than by other types 
of lens opacities. However, the prac- 
tice in which these patients were seen 
was a university, referral-based, gen- 
eral ophthalmology practice that was 
not necessarily representative of all 
individuals who undergo cataract 
surgery. 

Lens photodocumentation in the wa- 
termen study enabled additional analy- 
sis of data that would not have been 
readily possible otherwise. Previous in 
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vitro studies of extracted lenses have 
shown that nuclear color does not cor- 
relate with lens opacity," but these 
studies have differed on whether nu- 
clear color functions as a marker for 
age. ™” We found that in vivo nuclear 
color did intensify as age increased and 
that in vivo nuclear color was signifi- 
cantly associated with the presence of 
nuclear opacities. We do not believe 
that this association reflected a grad- 
ing bias (ie, deeper color led to a 
higher nuclear opacity score) since the 
criteria for grading nuclear opacity did 
not include nuclear color and since the 
graders measured nuclear opacity and 
color separately. In addition, lens pho- 
tographs allowed precise localization of 
opacities, specifically cortical opacities, 
within the lens. Rather than being 
uniformly distributed throughout the 
cortex of the lens, cortical opacities 
were far more likely to occur in the 
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inferomedial quadrant of the lens. This 
information might be considered addi- 
tional support for the association of 
cortical opacities with UV-B radia- 
tion.*"^ While the superior quadrants, 
for example, are partially protected 
from UV-B light by the brow, the 
inferomedial quadrants are exposed to 
light from the temporal side and to 
additional light that is reflected from 
the nose. 

The results of this study confirm the 
suspicion of many clinicians that poste- 
rior subcapsular opacities are far more 
common among surgical cases than 
among the general population. In addi- 
tion, individuals with posterior subcap- 
sular cataracts come to surgery at a 
younger age than do individuals with 
other types of cataracts. 
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Laboratory Sciences 


Microwave Cyclodestruction for Glaucoma in a Rabbit Model 


Paul T. Finger, MD; Darius M. Moshfeghi; Patricia D. Smith, MD; Henry D. Perry, MD 


e Microwave thermotherapy was used 
to treat experimentally induced glauco- 
ma. Microwave-induced cyclodestruction 
was successful in reducing intraocular 
pressure in all treated glaucomatous 
eyes for 4 weeks. Two additional glauco- 
matous eyes were left untreated to serve 
as controls, and were noted to have 
persistently elevated intraocular pres- 
sures. Six additional eyes were then sub- 
jected to an equivalent treatment (50°C in 
five 1-minute applications), which result- 
ed in approximately 180^ of heat treat- 
ment just posterior to the corneoscleral 
limbus. These specimens were evaluated 
with light microscopy at baseline, 24 
hours, and 7 days after treatment. Our 
clinical and histopathologic evaluations 
suggested that microwave thermother- 
apy (delivered under thermometry con- 
trol) allowed for chorioretinal/ciliary 
body destruction that resulted in reduc- 
tions of intraocular pressure in glauco- 
matous eyes. 

(Arch Ophthalmol. 
1004) 


1991;109:1001- 


(C yelodestructive procedures have 

played an important role in the 
treatment of intractable glaucoma." 
While cryotherapy has been the clini- 
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cal standard, alternate ways to destroy 
the ciliary body are being investigat- 
ed." Each form of energy used to 
induce cyclodestruction has demon- 
strated different energy deposition 
characteristics that have caused 
unique tissue reactions. Cryotherapy 
has been characterized by discomfort 
and edema, therapeutic ultrasound has 
been characterized by induced scleral 
changes, and neodymium-YAG cyclo- 
photocoagulation has been shown to 
cause characteristic spotlike conjuncti- 
val lesions. Other less specific morbidi- 
ties have included corneoscleral thin- 
ning, hyphema, cataract,  vitritis, 
retinal detachment, cystoid macular 
edema, and hypotony. These potential 
complications have defined the role of 
cyclodestructive procedures as a last 
mode of treatment for refractory 
cases. *** 

During preclinical studies of micro- 
wave applicators designed for hyper- 
thermic treatment of intraocular tu- 
mors, microwave-induced chorioretinal 
attenuation with relative sparing of 
the sclera was first noted. In hyper- 
thermic treatment of patients with in- 
traocular tumors, we observed chor- 
ioretinal damage with no apparent 
scleral damage." Additional experi- 
ments on low-level (thermocouple mea- 
sured) heating (<50°C for 15- to 45- 
minute durations) of rabbit corneal and 
scleral tissues were well tolerated." 
From this experience, we considered 
that ciliary body damage with relative 
scleral sparing could be induced by 
controlled microwave heating. 

We performed a preliminary study 
of the tissue effects of a microwave 
applicator designed for cyclodestruc- 
tion. The results demonstrated that 
controlled microwave heating could 
damage the ciliary body with relative 


sparing of the conjunctiva and sclera.” 
Our positive results with this tech- 
nique led us to study modifications in 
antenna design and treatment of ex- 
perimentally induced glaucoma in a 
rabbit model. 


MATERIALS AND METHODS 
Experimental Model 


This study was conducted in adherence to 
the Association for Research in Vision and 
Ophthalmology's Resolution on the Use of 
Animals in Research. Twenty-six dutch- 
belted rabbits were required for this study. 
All surgical procedures were performed on 
rabbits anesthetized with xylazine hydro- 
chloride (20 mg/kg) and ketamine hydro- 
chloride (40 mg/kg). Intraocular pressure 
(IOP) was measured while the animals were 
under topical anesthesia (proparacaine 
hydrochloride). 

The ehymotrypsin A rabbit model of glau- 
coma was used in this study." After an 
anterior chamber paracentisis was per- 
formed, chymotrypsin A (approximately 75 
U [0.25 mL]) was injected into the vitreous 
of one eye of 20 rabbits to produce 14 
glaucomatous globes. Topical antibiotic 
drops were instilled immediately before and 
after surgery. 

A tonometer (Perkins, Clement Clarke, 
London, England) was used to measure 
IOP. Eyes were considered glaucomatous if 
they demonstrated sustained elevations of 
IOP greater than or equal to twice their 
preinjection IOP and greater than 15 mm 
Hg for 2 weeks (Table). In addition, six 
normal rabbit eyes were treated for histo- 
logic study. 

All rabbits were killed with intracardiac 
injection of pentobarbitol sodium. Eyes 
were enucleated to include as much con- 
junctival tissue as possible. Enucleated 
eyes were placed in a minimum of 30 mL of 
cold buffered 10% formaldehyde solution. 
After 24 hours, the eyes were sectioned to 
transect the treatment sites. All specimens 
were alcohol dehydrated, fixed in paraffin, 
sectioned, and stained with hematoxylin- 
eosin. 
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Microwave Cyclothermia Device 


The horn-shaped applicator used in this 
experiment was fabricated in collaboration 
with MMTC (Princeton, NJ) (Fig 1) A 
gold-plated, copper, rectangular waveguide 
was filled with a low-loss, high-dielectric- 
constant ceramic. One end was closed with 
a metallic short circuit. Microwave power 
was introduced into the waveguide by 
means of a standard coaxial subminiature A 
connector that was mounted on one of the 
broad walls of the waveguide. A copper- 
constantan thermocouple (Physitemp, Clif- 
ton, NJ) was then affixed with silicone 
adhesive (Dow Corning, Midland, Mich) 
onto the ceramic at the open end (aperture) 
of the waveguide. 


Microwave Cyclothermia Treatment 


Intraocular pressure was measured be- 
fore treatment (Table). The rabbit was then 
anesthetized and its globe was proptosed 
with a curved hemostat. The anterior edge 
of the antenna was placed 2 mm posterior to 
the corneoscleral limbus (Fig 2). All micro- 
wave-treated eyes were given equivalent 
thermal doses (temperature multiplied by 
time). Five applications of microwave heat- 
ing were performed to include 180° of the 
eye wall 2 mm posterior to the corneoscleral 
limbus. Each application involved heating 
to a conjunctival temperature of 50°C for 1 
minute. All temperatures were constantly 
monitored within the microwave field. The 
microwave field was intermittently turned 
off (field-off technique) for a 2-second dura- 
tion and temperature measurements were 
obtained. These were the actual measure- 


















* NA indicates not applicable. 


ments used in the study. After the five 
applications were completed on each eye, 
the globe was inspected and reposited into 
the orbit. 

The six normal (nonglaucomateus) rab- 
bits were divided into three groups of two 
rabbits each. Two eyes were then treated 
and followed up for 1 hour, 1 day, or 7 days 
before enucleation for light microseopy. The 
12 glaucomatous eyes were treated and 
IOPs monitored for 4 weeks before enucle- 
ation (Table). 


RESULTS 


Rabbits were examined daily for 
signs of distress (increased respira- 
tions) or ocular irritation (eye rub- 
bing). While no eye rubbing was wit- 
nessed, several rabbits were noted to 
have some lid edema and erythema. 
Gross inspection of the conjunetiva im- 
mediately after treatment revealed no 
fluorescein uptake or lesions. No con- 
junctival or scleral lesions were visible 
at any of the follow-up intervals. 

All 12 rabbit eyes treated with mi- 
crowave thermotherapy (50°C in five 
]-minute applications) were found to 
exhibit reductions in IOP for the 4- 
week follow-up period (Table) Al- 
though the IOP in rabbit 9 was re- 
duced from 26 mm Hg before surgery 
to a low of 4 mm Hg 1 week after 
surgery, it rose to 16 mm Hg by the 
fourth week. Rabbit 11 did not exhibit 


Experimental Results 


Postoperative Intraocular Pressure, mm Hg 
————— Mm 


Week 1 


1 NA 24 50°C X 1 min X five 3 3 2 4 
applications 

2 NA 28 50*C X 1 min X five 9 7 6 5 
applications 

3 y 23 50°C X 1 min X five 5 7 5 6 
applications 

4 3 20 50°C X 1 min X five 3 4 2 3 
applications 

5 6 21 50°C X 1 min X five 2 5 5 3 
applications 

6 3 24 50°C X 1 min X five 2 , Z 6 
applications 

y 3 15 50°C X 1 min X five 5 7 5 3 
applications 

8 7 23 50°C X 1 min X five 5 4 6 4 
applications 

9 9 26 50°C X 1 min X five 4 8 9 16 
applications 

10 3 15 50°C X 1 min X five 5 6 5 6 
applications 

11 6 20 50°C X 1 min X five 25 20 8 8 
applications 

12 8 41 50°C X 1 min X five 20 22 10 7 
applications 


13 8 40 Control 40 40 35 41 
14 4 34 Control 34 20 40 32 


Preglaucoma Glaucoma 
Intraocular Pretreatment 
Pressure, Intraocular Microwave 
Rabbit No. mm Hg* Pressure, mm Hgt Thermotherapy 


tintraocular pressure => 15 mm Hg for a minimum of 2 weeks. 
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a significant IOP reduction until the 
third week, and the IOP in rabbit 12 
appeared to decrease during the fol- 
low-up period. The majority of treated 
glaucomatous eyes (nine of 12) exhibit- 
ed immediate and persistent reduc- 
tions of IOP during this study. In 
contrast, neither of the two untreated 
eyes was noted to spontaneously re- 
turn to normal IOPs. 

During the glaucoma induction pro- 
cedures, intraoperative vitreous hem- 
orrhages and secondary retinal detach- 
ments were noted on indirect 
ophthalmoscopy (prior to microwave 
thermotherapy). Therefore, micro- 
wave-treated glaucomatous eyes were 
not used for light microscopy. Histo- 
pathologic evaluations were performed 
on the six microwave-treated nonglau- 
comatous eyes. Although the normal 
rabbit ciliary body was anchored to the 
eye wall, the bulk of this organ was 
noted to be posterior to the iris and 
anterior to the lens. The region of the 
eye wall that contains the pars plicata 
in the human was found to contain 
peripheral choroid and retina in the 
rabbit. 

Our treatment of the eye wall began 
2 mm posterior to the corneoscleral 
limbus and our primary effect was 
chorioretinal attenuation (Fig 3). Since 
it was our impression that the rabbit 


Week 2 Week 3 Week 4 
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Fig 1.—The aperture of the horn antenna 
used for microwave cyclothermia. Note that 
the thermocouple thermometer was affixed to 
lay between the aperture of the antenna and 





Fig 3.—At 1-week follow-up, chorioretinal attenuation beneath 
normal-appearing sclera was noted within the target zone 
(Masson trichrome, original magnification x 100). 


the conjunctiva (arrow). 





Fig 2.—Treatment of the rabbit required direct application of 
the antenna so that its anterior edge was 2 mm from the 
corneoscleral limbus. 


ciliary body was not directly within the 
microwave field, induced ciliary body 
hemorrhages were thought to be sec- 
ondary to occlusions of the posterior 
circulation (Fig 4). Similarly, the direc- 
tion of the heating (microwave field) 
was away from the lens. While no 
lenticular opacities were noted on clini- 
cal examination, one peripheral lentic- 
ular opacity was noted on histopatho- 
logic evaluation. Chorioretinal 
attenuation was the most common 
finding, with no evidence of secondary 
retinal detachments in the nonglauco- 
matous, microwave-treated eyes. 


COMMENT 


After microwave treatment of rabbit 
eyes, we noted selective damage to the 
retina, choroid, and ciliary body with 
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relative sparing of the conjunctiva and 
sclera., These findings are probably 
related to specific energy deposition 
characteristics attributable to micro- 
wave heating and the use of thermo- 
metry to define the treatment dose.” 
Microwave energy is known to prefer- 
entially induce heat within tissues with 
high water content.”” Water content 
is analyzed not only by percentage of 
water per gram of tissue but also by 
the amount of that tissue within the 
microwave field. With epiconjunctival 
application of microwave energy, tis- 
sues with relatively high total water 
content (eg, choroid, retina, ciliary 
body, and vitreous) should be prefer- 
entially heated compared with tissues 
with relatively low total water content 
(eg, conjunctiva, sclera, and lens). 





M 


Fig 4.—At 1-week follow-up, hemorrhages were noted within 
the ciliary body processes (hematoxylin-eosin, original magnifi- 


Thermocouple thermometry allowed 
us to deliver a controlled, well-defined, 
thermal dose. It limited the amount of 
energy entering the eye and may have 
been partially responsible for our ob- 
servations of relative conjunctival/ 
scleral sparing. It is reasonable to as- 
sume that experiments aimed at defin- 
ing the minimum thermal dose (ie, 
time multiplied by temperature) to 
achieve cyclodestruction in humans 
would enhance the relative safety of 
this procedure. 

While there are an estimated 2 mil- 
lion people with glaucoma in the Unit- 
ed States, most cases are controlled 
with medieal therapy, laser therapy, 
or filtration surgery. Throughout the 
world, millions of patients with glauco- 
ma have fewer options for treatment, 
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and for those patients cyclodestructive 
procedures will continue to play a more 
significant role. Microwave thermo- 
therapy for glaucoma appears to offer 
some advantages. We have demon- 
strated that along with cyclodestruc- 
tion, relative sparing of the conjuncti- 
va and sclera may be achieved, we 
have observed minimal signs of postop- 
erative discomfort, and it is known 
that microwave technology and compo- 
nents are relatively inexpensive. 
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in Diabetic Retinopathy 
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e Basic fibroblast growth factor (FGF) 
is a potent endothelial cell mitogen that 
has been proposed to play a role in 
proliferative diabetic retinopathy and 
other neovascular processes. Our under- 
standing of the in vivo role of basic FGF 
in the pathogenesis of these disorders is 
limited. We studied the immunolocaliza- 
tion of basic FGF in 16 clinical cases of 
diabetic retinopathy to determine wheth- 
er the normal retinal distribution of basic 
FGF changed during the development of 
diabetic retinopathy and correlated with 
the onset of retinal neovascularization. 
By using monoclonal and affinity-puri- 
fied polyclonal antibodies against basic 
FGF and heparan sulfate proteoglycan 
(HSPG), we found that basic FGF coloca- 
lized with HSPG to vascular basement 


The principal hypothesis concerning 
the molecular basis of proliferative 
diabetic retinopathy has focused on the 
presence of a solitary, diffusible, an- 
giogenic growth factor that is released 
from the retina under ischemic condi- 
tions.'^ The purification of basic fibro- 
blast growth factor (FGF) from mam- 
malian retina has led to the proposal 
that it may be the angiogenic factor 
predicted by Michaelson and Wise.’ 
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membranes. As the basement mem- 
branes thickened during the progression 
of diabetic retinopathy, the intraretinal 
stores of immunoreactive basic FGF and 
HSPG expanded. With the development 
of neovascularization, the colocalization 
of basic FGF and HSPG changed; HSPG 
localized to basement membranes, while 
basic FGF localized intracellularly, with 
only minimal basement membrane im- 
munoreactivity. Incubations of the neo- 
vascular fronds with exogenous basic 
FGF demonstrated multiple HSPG glyco- 
saminoglycan-binding sites for basic 
FGF, indicating that basic FGF had not 
been released from the matrix of neovas- 
cular fronds by heparitanase digestion. 

(Arch Ophthalmol. 1991;109:1005- 
1011) 


Basic FGF is a highly conserved 
18000 molecular weight cationic pro- 
tein that belongs to the class of hepa- 
rin-binding growth factors. Both mito- 
genic and nonmitogenic roles have 
been ascribed to basic FGF, including 
the induction of mesodermal develop- 
ment in the embryo, the enhancement 
of neuronal outgrowth and regenera- 
tion, and the stimulation of neovascu- 
larization in wound repair and fibro- 
vascular disease.*? 

The major obstacle in testing the 
hypothesis that basic FGF is involved 
in the development of neovasculariza- 
tion in diabetic retinopathy has been 
the lack of an animal model that devel- 
ops all stages of the disease process as 
found in humans. It has also been 
difficult to obtain human tissue speci- 
mens at a precise point in the disease 
process for biochemical study. The 
only data available from human studies 
have been limited to basic FGF mea- 
surements in intraocular fluid samples 
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from patients with proliferative dia- 
betic retinopathy. ^? 

To examine critically whether 
changes in the distribution of ba- 
sicFGF are present during the devel- 
opment of diabetic retinopathy, we col- 
lected a series of eyes that were 
obtained at autopsy and fibrovascular 
membranes from patients with clinical 
histories who represented all stages of 
diabetie retinopathy. We studied the 
immunolocalization of basicFGF and 
heparan sulfate proteoglycan (HSPG) 
in these tissues to correlate the distri- 
bution of basic FGF with the develop- 
ment of diabetic neovascularization. 


MATERIALS AND METHODS 


To investigate the changes in tissue dis- 
tribution of immunoreactive basic FGF dur- 
ing diabetic retinopathy, antibodies against 
basic FGF were localized on sections of 
fresh-frozen retinas that were obtained 
from 16 patients with diabetes mellitus and 
four patients without diabetes. Of the 16 
specimens that were obtained from diabetic 
patients, nine were eyes that were removed 
at autopsy and seven were fibrovascular 
membranes that were removed at surgery. 
A streptavidin-biotin-peroxidase technique 
was used with monoclonal and affinity-puri- 
fied polyclonal antibodies to basic FGF, 
HSPG, type IV collagen, laminin, and fi- 
bronectin. Clinical histories were available 
for all specimens, and correlations were 
made between the stages of diabetic reti- 
nopathy and the results of immunolocali- 
zation. 


Immunohistochemical Studies 


Fresh-frozen tissue specimens were used 
in this study. The eyes that were obtained 
at autopsy were processed within 24 hours 
post mortem. Vitrectomy specimens were 
processed immediately on removal from the 
eye. Tissue sections (12 jum) of the eye 
specimens that were removed at autopsy 
were cut on a cryostat at — 20°C and placed 
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retinopathy. Localization of basic FGF to the retinal vasculature and the ILM. Note the cystic 
spaces in the outer plexiform layer (star). C, Proliferative retinopathy. Localization of basic FGF 
to the thickened vascular basement membranes (long arrow) and punctate basement mem- 
brane deposits in the nerve fiber layer (NFL) (short, curved arrow). D, Proliferative retinopathy. 
Localization of heparan sulfate proteoglycan (Mab, 1:400) to thickened vascular basement 
membranes and punctate basement membrane deposits in the NFL (short, curved arrow). E, 
Proliferative retinopathy. Localization of basic FGF following a heparitanase digestion. Note the 
reduction of basic FGF immunoreactivity. F, Proliferative retinopathy. Control section incubated 
with Mab IgG, ( x 20, counterstained with Harrison hematoxylin, amino ethyl carbazole reaction 


product). 


on gelatin-coated slides. Surgical mem- 
branes were cut at a thickness of 4 pm. 
Sections were briefly fixed for 5 minutes in 
2% paraformaldehyde and processed with 
the use of a streptavidin-peroxidase tech- 
nique as previously described.” Primary 
antibody was overlayed onto the sections 
for 45 minutes at either room temperature 
or 37°C. Dilutions were made in 1% bovine 
serum albumin in phosphate-buffered saline 
solution (PBSS) and ranged from 1:500 to 
1:2000 for anti-basie FGF to 1:25 000 for 
anti-type IV collagen. 

Controls for the monoclonal antibodies 
consisted of incubations with hybridoma 
mouse IgG, (the same isotype as the mono- 
clonal anti-basie FGF antibodies) and su- 
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pernatant from the mouse myeloma cell line 
P3X63Ag8." Incubations with preimmune 
rabbit serum served as controls for the 
polyclonal antibodies. 

Thin sections (0.5 pm) were prepared by 
incubating 12-~m sections with antibodies 
to basic FGF as described above. Following 
the incubation with  peroxidase-labeled 
streptavidin, the tissue was fixed, osmoti- 
cally dehydrated, and oxidized with 3’3’- 
diaminobenzidine (DAB, Sigma Chemical 
Co, St Louis, Mo)" The sections were 
postfixed in 1% osmium tetroxide that was 
reduced with 1% potassium ferrocyanide, 
dehydrated in alcohols, and embedded in 
epoxy resin (Epon) araldite." Thin sections 
(0.5 um) were cut with the use of a micro- 


tome (Reichert Ultracut E, Leica Inc, Hei- 
delberg, Germany) and examined at high 
power under the light microscope. 


Preparation and Characterization of 
Antibodies to Basic FGF 


Five different antibodies to basic FGF 
were used in this study. Two of the antibod- 
ies were affinity-purified polyclonal anti- 
bodies that were generated in rabbits. One 
was an antipeptide antibody that was pre- 
pared against the first 15 amino acids on the 
N-terminus of bovine basic FGF. We pre- 
pared this by a slight modification of our 
previous technique." The second affinity- 
purified polyclonal antibody was generated 
in rabbits against recombinant bovine basic 
FGF. Three of the antibodies were mono- 
clonal antibodies that were generated 
against full-length recombinant bovine ba- 
sic FGF. These antibodies were character- 
ized with the use of Western blot and dot- 
blot procedures to document their affinity 
for recombinant human basic FGF and their 
lack of cross-reactivity with acidic FGF, 
platelet-derived growth factor, epidermal 
growth factor, and albumin. 


Heparitanase Digests 


Frozen sections were cut on a cryostat, 
placed on gelatin-coated slides, and air 
dried. Slides were fixed in 2% paraformal- 
dehyde at 4°C for 5 minutes and washed 
several times in PBSS. Sections were cov- 
ered with a 5.0-IU/mL solution of hepari- 
tanase in 0.05 mol/L of TRIS-hydrochlorie 
acid (pH 7.4) and 1 mmol/L of calcium 
chloride" for 30 minutes at 37?C. Following 
several washes in PBSS, sections were 
permeabilized in methanol at —20°C for 
5 minutes, and the remainder of the proto- 
col was performed as previously de- 
scribed." 

Control slides were run in parallel and 
were treated in an identical manner. Incu- 
bations with either boiled heparitanase or 
the buffer solution alone were substituted 
for the heparitanase solution. 


Exogenous Basic FGF Incubations 


For each specimen that was tested, four 
slides (A through D) were treated. Frozen 
sections were fixed in 2% paraformaldehyde 
at 4°C for 5 minutes and washed in PBSS. 
Slide A was treated with heparitanase as 
described above. After multiple washes, 
the sections were permeabilized with meth- 
anol for 5 minutes and treated with 3% 
hydrogen peroxide for 5 minutes. After a 
20-minute block in 5% normal horse serum 
with 1% bovine serum albumin/PBSS, 
50 uL of a 600-pg/mL solution of recombi- 
nant human basic FGF in 1% bovine serum 
albumin/PBSS was placed over the sections 
for 60 minutes at room temperature. Fol- 
lowing five washes in PBSS, the sections 
were treated with the avidin biotin complex 
blocking kit (Vector Labs, Burlingame, 
Calif), and the streptavidin-peroxidase pro- 
tocol was resumed. * 

Slides B through D were controls. Slide B 
was treated in an identical manner as slide 
A, except the heparitanase enzyme was 
deleted from the ineubation, and either 
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boiled heparitanase, or the buffer solution 
of 0.05N TRIS-hydrochlorie acid (pH 7.4) 
and 1 mmol/L of calcium chloride, was 
substituted in its place. Slide C was treated 
with heparitanase as described for slide A, 
except 1% bovine serum albumin/PBSS was 
substituted for exogenous basic FGF. Slide 
D was not treated with either heparitanase 
or with exogenous basic FGF. In place of 
these reagents, incubations with the corre- 
sponding buffers were performed. 


RESULTS 


Localization of Basic FGF 
in Normal Retina 


In the normal human retina, basic 
FGF localized to the basement mem- 
branes of several cell types: the vascu- 
lar endothelium, the retinal pigment 
epithelium (Bruch’s membrane), and 
the basement membrane of Mueller 
cells (the inner limiting membrane) 
(Fig 1, A). The localization was consis- 
tent within the four eyes that were 
studied. The vascular localization was 
confirmed with serial sections that 
were treated with antibodies to factor 
VIII-related antigen. 

Basement membrane localization 
was demonstrated in 0.5-jum plastic- 
embedded sections and was identical 
with the five basie FGF antibodies 
used (three monoclonal and two poly- 
clonal) Multiple control sections were 
performed, consisting of incubations 
with preimmune rabbit serum (for the 
polyclonal antibodies) and incubations 
with IgG, (for the monoclonal antibod- 
ies), as well as incubations without 
primary antibody. Classic blocking 
studies, consisting of coincubations 
with recombinant basic FGF and pri- 
mary antibody, could not be performed 
because of the strong affinity of basic 
FGF-antibody complexes for binding 
to HSPG in the tissue sections. 

Neuronal localization was occasional- 
ly observed throughout the inner nu- 
clear layer, ganglion cell layer, and the 
outer nuclear layer. The neuronal lo- 
calization was much weaker than the 
basement membrane localization, and 
it was principally detected with the 
polyclonal antibodies. Altering the fix- 
ation protocol by fixing with 496 para- 
formaldehyde for longer time periods 
intensified the neuronal localization, 
indicating it was heavily dependent on 
the fixation protocol. Basic FGF im- 
munoreactivity was never detected in 
photoreceptor outer segments, with ei- 
ther the polyclonal or monoclonal 
antibodies. 

Immunoreactive HSPG localized to 
retinal basement membranes in an 
identical pattern as that of immunore- 
active basic FGF. Predigestion with 
heparitanase abolished basic FGF im- 
munoreactivity, indicating that basic 


Arch Ophthalmol—Vol 109, July 1991 





i é a og 
A =) Ai i- ` 
" 2" à TO Ei 
€ 5 b x r : 
i à 2 " " 
F ic o X cy} š Ü* « 
X eT N : 7 
G A 
" y» 
€ 
d A. 
! a 
A á iu AE aaa > à nf At 
v tes nh A s 4 i € - A : : = * ü i. bus QUY ie 
Mies TE a — ac y^ Nus M vs WA » 9 45 Ag. j Sla ti , 
^; J 
d 2 (J 
men a a 
é FK ti 
” € A Su ^ 
x a p ^ p 
(4 E. £0 u$ : "P 
Í “V2 ~— A Y 
- £ : l y . i A P sts 
o0. ; moe A 
T ae a 1 We 
> * 
AS Y tJ t uit. 
i$ See ly | TA " 
| " fam b : 
br. Sm $: p s e wih, -— ET 4 | 
\ pr -— 4 n 6 ° Onz ai o 
: LJ ww € x ER d Y, 
TIRPC y X f «t UNIUS 
x YS 1 » 7" 
c "D ae 


* K d v 
LES EU 
~ > 
T goi E i 
-AD D ems E id inst " - ^. a 


e. , 


Fig 2.—Immunohistochemical staining of serial sections from a proliferative diabetic retina with 
an active preretinal neovascular frond. A, Localization of type IV collagen (1:40 000); B, laminin 
(1:100); C, heparan sulfate proteoglycan (1:400); and D, basic fibroblast growth factor (1 :500) to 
the vessels in the retina and the neovascular frond. Note the presence of immunoreactive type IV 
collagen, laminin, and heparan sulfate proteoglycan in retinal vessels (closed arrows) and the 
dense border of immunoreactivity at the distal border of the neovascular frond (open arrows). In 
contrast, basic fibroblast growth factor immunoreactivity localizes to the retinal vessels but is 
markedly decreased in the neovascular frond (open arrow) (x50, amino ethyl carbazole 


counterstained with Harrison hematoxylin). 


FGF was bound to heparan sulfate 
glycosaminoglycan side chains. Immu- 
noreactive HSPG was still present in 
basement membranes following the 
heparitanase digestion, indicating that 
the protein core of HSPG was not 
affected by the heparitanase digestion. 
Controls that were treated with either 
boiled heparitanase or with buffer 
alone did not show a loss of basic FGF 
immunoreactivity. 


Localization of Basic FGF in Background 
Diabetic Retinopathy 


Background diabetic retinopathy 
was present in three eyes in this se- 
ries. The histologic features included 
microaneurysms, mildly thickened 
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basement membranes, and cystic 
spaces in the outer plexiform layers. 
The tissue distribution of basic FGF 
and HSPG in these specimens was 
similar to the distibution of basic FGF 
in the normal retina with one excep- 
tion. Slightly broader bands of basic 
FGF and HSPG immunoreactivity 
were present in the vascular basement 
membranes of diabetic patients, paral- 
leling the increased thickness of the 
basement membranes (Fig 1, B). Im- 
munoreactive type IV collagen, fibro- 
nectin, and laminin localized to the 
thickened basement membranes in a 
similar pattern as that of basic FGF. 
These findings were consistent within 
the three eyes that were studied. 
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Fig 3.—Immunohistochemical staining of serial sections of an active proliferative frond removed during 
vitreous surgery. A, Preoperative fundus photograph shows the neovascular frond arising from the optic 
disc that was examined. B, Localization of factor Vill-related antigen to the numerous small capillaries 
that constitute the distal end of the proliferative frond. C, Localization of basic fibroblast growth factor 
(1:50) to a serial section of the frond. D, Localization of heparan sulfate proteoglycan (1:50) ( x 20, amino 
ethyl carbazole reaction product). 


Localization of Basic FGF in Active 
Proliferative Diabetic Retinopathy 


Active proliferative diabetic retinop- 
athy was present in one eye that was 
obtained at autopsy and in four vitre- 
ous membranes in this series. The 
histologic features of these specimens 
were similar to those described in pre- 
vious reports.” Within the retina, the 
distribution of basic FGF and HSPG 
was extensive and consistent, localiz- 
ing to markedly thickened vascular 
basement membranes and multiple 
basement membrane fragments 
throughout the nerve fiber layer (Fig 
1, C and D). The overall distribution of 
basic FGF and HSPG was more exten- 
sive than in eyes with background 
retinopathy, paralleling the increased 
basement membrane thickening in dia- 
betie patients with proliferative dis- 
ease. Preincubations with heparita- 
nase eliminated basic FGF basement 
membrane immunoreactivity, indicat- 
ing that basic FGF was bound to hep- 
aran sulfate glycosaminoglycans (Fig 
1, E). 

Fibrovascular proliferative mem- 
branes were present in all five speci- 


1008 Arch Ophthalmol — Vol 109, July 1991 


Fig 4.—Intracellular localization of basic fibroblast growth factor (FGF) in proliferative diabetic 





fronds. Left, Localization of basic FGF (monoclonal antibody [Mab], 1:500) in endothelial cells 
that line adjacent vessels (open arrows). Note the presence of basic FGF immunoreactivity in 
the endothelial cells and the absence of immunoreactivity in the vascular basement membrane. 
Scattered immunoreactivity is present in the extracellular matrix outside the vascular basement 
membranes (star). Right, Localization of basic FGF (Mab, 1:500) in numerous mononuclear 
cells that contain phagocytized pigment. Note the presence of basic FGF immunoreactive cells 
that are marked by red reaction product (solid arrow) and the nonreactive cells that contain 
yellowish brown pigment (open arrow) ( x 200, amino ethyl carbazole reaction product) . 


mens. Within this group, moderate 
variation was apparent in the morpho- 
logie architecture of the membranes 
and the immunolocalization of basic 
FGF. However, several general pat- 
terns were recognized. The colocaliza- 
tion of basic FGF and HSPG was al- 
tered. Vascular basement membranes 
demonstrated only minimal basic FGF 


immunoreactivity, while HSPG immu- 
noreactivity remained strong. In con- 
trast to basic FGF, the intensity of 
extracellular matrix components 
(HSPG, type IV collagen, and laminin) 
was greater in the proliferative fronds 
than in the intraretinal vasculature 
(Fig 2). Incubations were performed 
with basic FGF antibodies at concen- 
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Fig 5.—Localization of basic fibroblast growth factor in a rela- 
tively avascular diabetic frond. Immunoreactive basic fibroblast 
growth factor is present in the extracellular matrix in a patchy 
and irregular pattern. These regions of immunoreactivity do not 
consistently colocalize with factor Vill-related antigen, hep- 
aran sulfate proteoglycan, or type IV collagen (x 20, amino 
ethyl carbazole reaction product). 
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Fig 6.— Localization of basic fibroblast growth factor in an eye 
that was obtained at autopsy with atrophic diabetic retinopathy. 
Top, Immunoreactive basic fibroblast growth factor is present 
in the retinal vasculature, the inner limiting membrane, and 
along one region of the epiretinal membranes (solid arrow). 
Note the absence of basic fibroblast growth factor immunore- 
activity along the adjacent epiretinal membrane (open arrow). 
Bottom, Along regions of detached retina, basic fibroblast 
growth factor localizes to the vasculature and to multiple frag- 
ments in the atrophic retinal layers (arrow). These fragments 
colocalize with type IV collagen and heparan sulfate proteogly- 
can ( x 20, amino ethyl carbazole reaction product). 
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trations 10-fold greater than normal 
(1:50) to intensify vascular basement 
membrane immunoreactivity. Howev- 
er, despite the increased antibody con- 
centrations, the vascular basement 
membrane immunoreactivity remained 
minimal (Fig 3). These findings were 
consistent within four of the five mem- 
branes. In the fifth membrane, the 
staining intensity of basic FGF in the 
vascular basement membranes was 
variable. 

Although only minimal stores of im- 
munoreactive basic FGF were de- 
tected in the vascular basement mem- 
branes, basic FGF was detected in 
other regions in the proliferative 
fronds. Immunoreactive basic FGF 
was occasionally detected intracellular- 
ly in endothelial cells and in pigment- 
laden cells that resembled macro- 
phages (Fig 4). In three of the five 
membranes, basic FGF immunoreac- 
tivity was detected in avascular re- 
gions of the extracellular matrix. In 
many of these regions, the localization 
was difficult to evaluate. Serial sec- 
tions did not demonstrate a consistent 
colocalization with factor VIII-related 
antigen, HSPG, or type IV collagen 
(Fig 5). 
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Localization of Basic FGF in Atrophic 
or Regressed Proliferative 
Diabetic Retinopathy 


Atrophic or regressed proliferature 
diabetic retinopathy was present in 
five of the eyes that were obtained at 
autopsy and in three of the surgical 
membranes. Basic FGF and HSPG lo- 
calized to vascular basement mem- 
branes, to basement membrane depos- 
its throughout the nerve fiber layer, 
and to the inner limiting membrane. Of 
particular interest were two eyes with 
untreated traction retinal detach- 
ments. These cases demonstrated ad- 
ditional immunoreactivity in punctate 
basement membrane fragments in the 
outer retinal layers (Fig 6). These re- 
sults were consistent in the five eyes 
that were studied. 

Six atrophic proliferative mem- 
branes were present in this series, 
including three from eyes that were 
obtained at autopsy. These mem- 
branes were relatively avascular, and 
they consisted of sheets of disorga- 
nized extracellular matrix with pig- 
ment-laden inflammatory cells. The lo- 
ealization of basic FGF in these 
membranes was variable, but several 
trends were recognized. Strong intra- 


cellular basic FGF immunoreactivity 
was present in pigment-laden cells that 
resembled macrophages. Minimal basic 
FGF immunoreactivity was present in 
the vascular basement membranes. In- 
tracellular basic FGF was not detected 
within endothelial cells. Like some 
membranes in the active proliferative 
category, basic FGF was often scat- 
tered throughout the extracellular ma- 
trix in a patchy distribution. In an 
attempt to evaluate this localization, 
serial sections were stained with anti- 
bodies to factor VIII-related antigen, 
HSPG, and type IV collagen. Howev- 
er, basic FGF did not colocalize with 
these antibodies in a consistent pat- 
tern. The inconsistency that localized 
basic FGF in these membranes was 
directly related to the extent of mor- 
phologie disorganization of the tissue 
specimens. 


Exogenous Basic FGF-Binding Studies 
in Proliferative Membranes 


Incubations with exogenous basic 
FGF were performed on serial sections 
of seven fibrovascular membranes and 
on one of the eyes that was obtained at 
autopsy to determine whether basic 
FGF-binding sites were still available 
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Fig 7.—Exogenous basic fibroblast growth factor binding to an active proliferative diabetic frond that was 
removed during vitreous surgery. Left, Localization of basic fibroblast growth factor (1:500). Note the 
absence of reaction product around the vascular basement membranes in the frond. Right, Localization of 
basic fibroblast growth factor (1:500) following an exogenous basic fibroblast growth factor incubation. 
Reaction product is present in the vascular basement membranes of the frond (x 20, amino ethyl 
carbazole reaction product). 


on the glycosaminoglycan moieties of 
HSPG. Despite low levels of endoge- 
nous basic FGF immunoreactivity, 
there was intense staining in the vas- 
cular basement membranes following 
incubations with 60 pg of exogenous 
basic FGF. This staining was totally 
eliminated by a preincubation with 
heparitanase. Control sections were 
devoid of immunoreactivity (Fig 7). 


COMMENT 


Although there have been several 
studies that demonstrate the localiza- 
tion of basic FGF in normal and devel- 
oping tissues, ^^^ to our knowledge no 
study has appeared that followed the 
distribution of basic FGF through the 
development of a known pathologic 
condition. Our study demonstrates 
that during the development of diabet- 
ie retinopathy, the intraretinal distri- 
bution of basic FGF changes. As the 
transition from background retinopa- 
thy to proliferative retinopathy occurs, 
the basement membrane stores of ba- 
sic FGF appear to expand, in propor- 
tion to the overall increase in the ex- 
tracellular matrix. 

During the development of neovas- 
cularization, the distribution of basic 
FGF appears to be different. The find- 
ing that proliferative fibrovascular 
membranes contain intracellular basic 
FGF, scattered extracellular basic 
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FGF, but minimal vascular basement 
membrane basic FGF is surprising. 
The strong immunoreactivity of 
HSPG, type IV collagen, laminin, and 
fibronectin in the proliferative fibro- 
vascular membranes suggests that the 
stoichiometric relationship ef basic 
FGF to other basement membrane 
components has changed. We have 
demonstrated that this finding is not 
due to a deficiency of HSPG or a loss of 
glycosaminoglycans on heparan sul- 
fate. We have also demonstrated that 
this finding is not dependent on the 
stage of maturation of neovascular 
fronds, nor the proliferative aetivity of 
the fronds. 

It does not appear likely that the 
absence of an aminoterminal signal se- 
quence on the gene product of basic 
FGF is preventing secretion of basic 
FGF. This is not consistent with the 
demonstration of diffuse stores of basic 
FGF around thickened intraretinal 
vascular basement membranes. The 
presence of extensive stores of basic 
FGF in the thickened matrix of vascu- 
lar basement membranes suggests 
that basic FGF can be synthesized and 
released from the vaseulature, al- 
though the mechanism by which basic 
FGF is transported outside the cell is 
still not known. 

There are several possible explana- 
tions for the minimal amount of basic 
FGF immunoreactivity in the vascular 


basement membrane of proliferative 
diabetic fronds. Basic FGF may be 
consumed during the proliferative pro- 
cess by binding to vascular endothelial 
cell receptors immediately on release 
from the cell. In this case, extracellu- 
lar stores of basic FGF would not build 
up because basic FGF is internalized 
before it can be stored. Alternatively, 
basic FGF may remain intracellular, 
stimulating growth in a manner that 
bypasses secretion from the cell. A 
similar explanation has been used to 
explain the mechanisms behind the mi- 
togenic properties of the v-sis onco- 
gene. ^?! 

In contrast to the level of immunore- 
activity in the vascular basement 
membranes, several proliferative 
fronds contained scattered areas of ba- 
sic FGF immunoreactivity in the ex- 
tracellular matrix, in regions that were 
avascular. The source of this immuno- 
reactivity was not clear. Fragments of 
the inner limiting membrane are often 
a component of surgical specimens, 
and these fragments may account for 
some of the extracellular immunoreac- 
tivity that was present. In addition, 
degradation or disruption of immuno- 
reactive cells could potentially release 
basic FGF into the extracellular ma- 
trix. Another possibility is that some 
of this immunoreactivity may have 
been synthesized by fibrous astro- 
cytes, which are cells that are known 
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to be present in proliferative diabetic 
membranes; the relative of the fibrous 
astrocyte, ie, the astrocyte, is known 
to synthesize basic FGE."* Future 
studies should provide insight into this 
possibility. 

For several years, the principal hy- 
pothesis concerning the pathogenesis 
of proliferative diabetic retinopathy 
and vascular development in the eye 
has centered around the concept of a 
diffusible angiogenic growth factor.’” 
Our data do not support the hypothesis 
that basic FGF plays such a role in the 
pathogenesis of proliferative diabetic 
retinopathy. Our data demonstrate 
that actively growing fibrovascular 
fronds exhibit only minimal basic FGF 
in their vascular basement mem- 
branes, despite their capacity to bind 
exogenous basic FGF at levels as low 
as 60 pg. We would expect that if basic 
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FGF was freely diffusible in the vitre- 
ous body, it should appear as intense 
immunoreactivity in the vascular base- 
ment membranes of the fronds. Sever- 
al authors have commented on the 
altered concentration of basic FGF in 
the vitreous body in patients with dia- 
betes."" In light of this information, 
several interpretations are possible. If 
basic FGF is freely diffusible, it may 
be rapidly utilized in fibrovascular 
fronds and thus has a low steady-state 
level in vascular basement mem- 
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that basic FGF is posttranslationally 
modified in diabetic tissues, and the 
binding affinity of basic FGF to HSPG 
is reduced. 

Although these data suggest tht ba- 
sic FGF may not be a diffusible angio- 
genic growth factor, these data do not 
rule out the possibility that basic FGF 
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ther evaluation as modulators of the 
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lial cell growth factors. ^ 
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Methanol Poisoning 


A Rodent Model With Structural and Functional 
Evidence for Retinal Involvement 


Timothy G. Murray, MD; Thomas C. Burton, MD; Cynthia Rajani, MS; 
Michael F. Lewandowski, RDMS; Janice M. Burke, PhD; Janis T. Eells, PhD 


e Methanol ingestion can lead to visu- 
al impairment, central nervous system 
dysfunction, or death. The extent of ocu- 
lar involvement has been difficult to de- 
termine because the toxicity is restricted 
to humans and nonhuman primates due 
to species differences in methanol me- 
tabolism. A rodent model of methanol 
toxicity recently developed by us was 
used to evaluate retinal dysfunction in 
methanol poisoning. Formic acidemia 
and visual toxic reactions developed in 
methanol-intoxicated rats. Electroretino- 
graphic analysis indicated a significant 
early deficit in b-wave amplitude fol- 
lowed by a temporally delayed, lesser 
reduction in a-wave amplitude. Histolog- 
ic evaluation of the eyes 60 hours after 
methanol administration revealed gener- 
alized retinal edema and vacuolation in 
the photoreceptors and retinal pigment 
epithelium. Ultrastructural examination 
showed swelling and disruption of the 
mitochondria in photoreceptor inner seg- 
ments, optic nerve, and the retinal pig- 
ment epithelium. These studies docu- 
ment direct retinal involvement in this 
nonprimate model of methanol toxicity. 

(Arch Ophthalmol. |. 1991;109:1012- 
1016) 


M ethanol poisoning with its associat- 

ed severe ocular and central ner- 
vous system toxicity remains a prob- 
lem within the United States and 
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worldwide. *” Methanol is being consid- 
ered as an alternative fuel and energy 
source which, if introduced, would ex- 
tend the potential for methanol expo- 
sure.^* 

The clinical manifestations of metha- 
nol poisoning have been well charac- 
terized as a result of several mass 
poisonings." However, it is unclear 
which ocular tissues are affected in 
humans because functional tests have 
only rarely been performed during 
acute stages of intoxication and histo- 
logic evaluation has been complicated 
by questions of postmortem artifact. 
Histologie examination of the eyes 
from methanol-poisoned humans has 
revealed retinal ganglion cell dam- 
age"" although this observation has 
been contested."" Electrophysiologie 
changes have been reported in chronic 
methanol intoxication”; however, the 
acute stages of methanol poisoning 
have not been extensively examined. 

Potts et al,” Hayreh and asso- 
ciates,””” and others" have investigat- 
ed clinical, electroretinographic 
(ERG), and histopathologic alterations 
in eyes of nonhuman primates intoxi- 
cated with methanol. Potts and co- 
workers” documented pupillary ab- 
normalities and  ophthalmoscopic 
changes, including early retinal edema 
of the papillomacular bundle with vari- 
able late extension of the edema to the 
optic disc and ora serrata.” An ERG 
analysis by Potts et al" revealed a 
reduction in the b-wave amplitude and 
an accentuation of the a-wave ampli- 
tude. Cystoid degeneration of the out- 
er nuclear layer was observed by light 
microscopy and, in one monkey, de- 
generation of the retinal ganglion cell 
layer was observed.“ Studies by 
Hayreh et al” of methanol poisoning in 
primates did not show direct effects on 


the retina. Their ophthalmoscopic ex- 
aminations showed optic disc edema 
that was not preceded by retinal 
changes." Electron microscopic analy- 
sis showed axonal swelling and mito- 
chondrial destruction in the optic 
nerve, but no retinal abnormality was 
noted and electrophysiologie studies 
were not performed." In 1983, Inge- 
mansson" reexamined ERG changes in 
methanol-intoxicated primates. Simi- 
lar to the results of Potts et al," 
b-wave amplitude reductions were ob- 
served, but a-wave amplitudes were 
also reduced rather than accentuated. 
Studies of tissue involvement in 
methanol poisoning and the mechanism 
of action of toxic metabolites have been 
limited to primates because other ani- 
mal species are resistant to the toxic- 
ity. The toxic agent responsible for the 
organ-specific sequelae of methanol 
poisoning is believed to be formate.” 
Whereas primates accumulate for- 
mate, in other animals it is rapidly 
metabolized via a tetrahydrofolate-de- 
pendent pathway.” Eells et al” have 
developed a methanol-sensitive nonpri- 
mate model that manifests the formic 
acidemia and metabolic acidosis char- 
acteristic of human methanol poison- 
ing. We have recently demonstrated 
visual toxicity in addition to metabolic 
toxicity in this nonprimate model.” In 
this model, subanesthetic doses of ni- 
trous oxide are used to render Long 
Evans rats susceptible to methanol 
intoxication. Exposure to the gas 
blocks the action of methionine synth- 
ase leading to the depletion of tetrahy- 
drofolate, the necessary cofactor in 
formate metabolism, and thus allows 
formate to accumulate.” We used this 
model to characterize the electrophysi- 
ologic and ocular histopathologic 
changes following methanol exposure. 
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Fig 1.—Blood formate concentrations in 
methanol- and nitrous X oxide-treated 
(squares), saline- and nitrous oxide-treated 
(open circles), and methanol-treated (no ni- 
trous oxide) (closed circles) rats. Blood for- 
mate concentrations were measured before 
the administration of methanol (or saline) and 
at subsequent 12-hour intervals for 60 hours. 
Shown are the mean + SEM values (n =6). 


MATERIALS AND METHODS 


Male Long Evans rats (Harlan Sprague- 
Dawley, Madison, Wis) that weighed 250 to 
300 g were used throughout these experi- 
ments. All animals were supplied food and 
water ad libitum and maintained on a 12- 
hour light-dark schedule in a temperature- 
and humidity-controlled environment. Ani- 
mals were handled in accordance with the 
provisions of the Association for Research 
in Vision and Ophthalmology resolution re- 
garding the use of animals in research. 
Animals were anesthetized prior to all pro- 
cedures with intraperitoneal pentobarbital 
sodium at 10 mg/kg and 0.5% tetracaine 
hydrochloride was used as a topical anes- 
thetic followed by pupillary dilation with 
2.5% phenylephrine hydrochloride (Neosyn- 
ephrine) and 1% tropicamide (Mydriacyl). 

Six animals were used in each of three 
groups: (1) a nitrous oxide-exposed, metha- 
nol-injected experimental group; (2) a ni- 
trous oxide-exposed, saline-injected control 
group; and (3) a methanol-injected control 
group (no nitrous oxide exposure). Six addi- 
tional animals served as untreated controls. 

Ophthalmoscopic examination confirmed 
a normal fundus in all rats prior to initiation 
of the study. Nitrous oxide-exposed ani- 
mals were pretreated with a 1:1 mixture of 
nitrous oxide and oxygen for 4 hours prior 
to injection of methanol or saline, then 
continuously exposed to this gas mixture 
for the duration of the experiment. Metha- 
nol-treated animals received a 4-g/kg intra- 
peritoneal injection of methanol (2596 wt/vol 
in saline) at time 0, followed by 2 g/kg at 12- 
hour intervals. Saline-treated control ani- 
mals were injected with an equivalent vol- 
ume of saline at concurrent periods. 

Blood samples were obtained from the 
tail vein of each animal at 12-hour intervals. 
Then they were assayed for formate by the 
fluorometric method of Makar and Tephly.^ 

Baseline ERG measurements were made 
on two separate occasions, and nitrous oxi- 
de-exposed animals underwent a third 
baseline evaluation after the 4-hour pre- 
treatment with nitrous oxide. During the 
experiment, ERGs were recorded at 12- 
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Fig 2.—Electroretinogram (ERG) recordings in a methanol-treated (no nitrous oxide) control 
animal (left) and in a methanol- and nitrous oxide-treated experimental animal (right). In the 
experimental animal, both the a- and b-wave of the ERG were significantly attenuated at 48 
hours and extinguished by 60 hours. No significant alterations were observed in either the a- or 


b-wave in the methanol-treated control animal. 


hour intervals. For ERG recording, a circu- 
lar wire electrode was manually applied to 
the rat cornea and electrically coupled with 
a methylcellulose solution. Ground and ref- 
erence electrodes were affixed to the right 
and left ears, respectively. Monocular sin- 
gle-flash recordings were obtained after 
dark adapting the animals for 30 minutes. 
The response to four unfiltered white light 
stimuli delivered at 30-second intervals was 
recorded and electronically averaged (Nico- 
let CA 1000, Nicolet Instrument Corp, 
Madison, Wis) with DC 2000 storage capa- 
bility. The flash stimulus was 10 em from 
the eye and delivered an intensity of 
3.2 x 10° lux. 

All animals were anesthetized with pen- 
tobarbital sodium (60 mg/kg) and killed at 
60 hours by intracardiac perfusion with 
phosphate-buffered 2.5% glutaralde- 
hyde/2.5% formaldehyde, at a pH of 7.4. 
Untreated control animals were similarly 
treated. Eyes were enucleated and im- 
mersed in the above fixative for 72 hours. 
The anterior segment and vitreous were 
removed, then full-thickness pieces of eye 
wall were dissected from the posterior pole, 
including the optic nerve. Tissues were 
postfixed in phosphate-buffered 2% osmium 
tetroxide, dehydrated in a graded alcohol 
series, and embedded in epoxy resin. Thick 
sections (1 um) for light microscopy were 
stained with toluidine blue; thin sections for 
electron microscopy were stained for uranyl 
acetate-lead citrate. 


RESULTS 


Formic acidemia developed in meth- 
anol-treated nitrous  oxide-exposed 
rats. Blood formate concentrations 
were elevated by 12 hours in the meth- 
anol- and nitrous oxide-treated experi- 
mental group and continued to rise to 
peak formate concentrations of 
14.8 2.9 mmol/L 60 hours after the 


initial dose of methanol (Fig 1). Endog- 
enous blood formate concentrations in 
untreated animals were 0.5+0.1 
mmol/L. No formate accumulation was 
noted in the nitrous oxide-exposed, 
saline-treated control group. Metha- 
nol-treated control animals that were 
not exposed to nitrous oxide accumu- 
lated low formate levels of 1.9+0.4 
mmol/L (Fig 1). 

Retinal function was evaluated by 
ERG. Animals in the experimental 
group showed amplitude reductions in 
the ERG b-wave as early as 24 hours 
(Figs 2 and 3). At the conclusion of the 
study (60 hours), the b-wave was ex- 
tinguished in three of the six rats and 
markedly reduced in the remaining 
animals. A-wave amplitudes were also 
reduced but to a much lesser degree 
and at later time points than the 
b-wave changes (Figs 2 and 3). The 
ERG recordings on both groups of 
control animals showed no significant 
alterations throughout the experiment 
in waveform or in a- or b-wave ampli- 
tudes (Figs 2 and 3). 

At 60 hours, the retinas of experi- 
mental animals appeared diffusely 
edematous by light microscopy (Fig 4). 
No changes were seen in the control 
group receiving methanol but no ni- 
trous oxide. In retinas of experimental 
animals, prominent vacuoles were pre- 
sent at the junction of the outer and 
inner segments of the photoreceptors. 
The extent of the vacuolation varied 
among experimental animals and was 
not uniform within a specimen, but no 
similar abnormalities were apparent in 
any control tissues. At the ultrastruc- 
tural level, the photoreceptor vacuola- 
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Hours After Methanol 


Fig 3.—Amplitude measurements of the a- 
and b-wave of the electroretinogram (ERG) 
as a function of time after methanol adminis- 
tration in methanol- and nitrous oxide-treated 
experimental animals (top) and in methanol- 
treated (no nitrous oxide) control animals 
(bottom). The ERG recordings were obtained 
prior to the administration of methanol and at 
24, 48, and 60 hours after the initial dose of 
methanol. Shown are the mean + SEM val- 
ues (n — 6). 


tion appeared to be primarily due to 
dilations of the extracellular space (Fig 
5) The dises of the outer segments 
were also dilated. Photoreceptor mito- 
chondria in retinas of experimental an- 
imals were rounded, rather than elon- 
gate as in controls, and cristae were 
often swollen. 

Dilatations of the extracellular space 
were also seen in experimental eyes in 
the region of the basal infoldings of the 
retinal pigment epithelium (RPE) cells 
(Fig 6). The RPE mitochondria had 
swollen and occasionally disrupted 
cristae. Similar to the edematous 
changes at the level of the photorecep- 
tors, the changes in the RPE layer 
varied in severity among the experi- 
mental animals and were not uniform, 
but they were not observed in 
controls. 

The optic nerve of experimental ani- 
mals showed a generalized edema (Fig 
7). At the electron microscopic level, 
no dilatations of the intercellular space 
were observed indicating that the ede- 
ma was due to axonal swelling. Mito- 
chondrial changes were seen in both 
glial cells and axons of the nerve (Fig 
8). Swollen and disrupted mitochondri- 
al cristae were common; it was often 
difficult to identify mitochondria be- 
cause of the extent of disruption. Less 
severe mitochondrial changes were 
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Fig 4.—Light micrographs of the retina from an untreated control animal (left) and from a 
methanol- and nitrous oxide-treated experimental animal (right). The experimental retina is 
mildly edematous; note the spacing of the nuclei in the outer nuclear layer. The arrowheads 
indicate prominent vacuoles et the level of the junction between the inner and outer segments of 


the photoreceptors (toluidine blue, x 210). 


also seen in the optic nerves of control 
animals that were methanol treated 
but not exposed to nitrous oxide. 


COMMENT 


Although the clinical course of meth- 
anol toxicity has been well character- 
ized, many questions remain regarding 
the extent of tissue injury and the 
mechanism of action of toxic metabo- 
lites. Observations on retinal involve- 
ment from primate anima! studies 
show some inconsistencies because of 
variations in methanol dosage, individ- 
ual animal variation, and the limita- 
tions on numbers of animals that were 
studied imposed by cost and availabil- 
ity. In this study a unique methanol- 
sensitive rodent model was used to 
evaluate the retinal effects of methanol 
toxicity As in human and nonhuman 
primate poisonings, the response of 
rats to methanol in this model is char- 
acterized by a latent period followed 
by accumulation of formate within the 
blood. The formate accumulation par- 
allels the development cf a metabolic 
acidosis with decreasing bicarbonate 
and blood pH, and it can lead to 
death.^ ??5 

This study demonstrates ocular tox- 
icity in the rat with functional and 
structural damage to the retina and 
structural damage to the optic nerve 
concomitant with formate accumula- 
tion. The ERG analysis indicated a 
significant, early deficit in b-wave am- 
plitude followed by a temperally de- 
layed, lesser reduction in a-wave am- 
plitude. Similar reductions have been 
reported in methanol-intoxicated pri- 
mates." In the rat, b-wave amplitude 
reductions appeared to require greater 
than 12 hours of exposure to blood 
formate concentrations of approxi- 
mately 8 to 12 mmol/L, while a-wave 
alterations occurred after 24 to 36 
hours of exposure at these concentra- 
tions. Recent investigations suggest 
that Miiller glia are the source of the 
b-wave." The b-wave reductions re- 





Fig 5.— Electron micrographs of the photore- 
ceptor layers of untreated control (top) and 
methanol- and nitrous oxide-treated experi- 
mental retinas (center and bottom). Large 
vacuoles formed by dilatation of the intercel- 
lular spaces are seen in the experimental 
specimens (center). Photoreceptor discs in 
experimental eyes are also dilated (bottom). 
Mitochondria of inner segments that are nor- 
mally elongate (top, arrowheads) are short- 
ened with expanded cristae in the experimen- 
tal retina (bottom, arrowheads) (top and 
center, x 5600; bottom, x 19 000). 


Methanol Poisoning — Murray et al 


ment epithelium (RPE) of untreated control 
animals (top), the RPE of experimental ani- 
mals shows an expanded extracellular space 
in the region of the basal infoldings and swell- 
ing of mitochondrial cristae (center and bot- 
tom) (top and center, 6000; bottom, 
x 28 100). 


ed in methanol poisoning may result 
from a particular sensitivity of the 
retinal Müller cell to formate toxicity 
in situ. We have recently studied for- 
mate-treated cells in culture and ob- 
served that Müller glia are more sus- 
ceptible to the toxic effects of formate 
than other ocular or nonocular cell 
types.” 

In addition to electrophysiologic 
changes, structural alterations sugges- 
tive of direct toxicity to the retina 
were also observed in the methanol- 
treated rats. The most pronounced al- 
teration was a severe vacuolation at 
the base of the photoreceptor outer 
segments, just distal to the outer limit- 
ing membrane formed by the junction- 
al complexes between photoreceptors 
and Miiller glia. Also prominent was 
dilatation of the extracellular space at 
the bases of the pigment epithelium. 
To our knowledge, neither of these 
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methanol- and nitrous oxide-treated experimental animal (right). Optic disc edema in the 
experimental specimen is indicated by the lateral displacement of the retina associated with the 
swelling of the prelaminar optic nerve (arrowhead) (toluidine blue, x 125). 





Fig 8.—Optic nerves from an untreated con- 
trol animal (top), from a methanol-treated (no 
nitrous oxide) control animal (center), and 
from a methanol- and nitrous oxide-treated 
experimental animal (bottom). In top and cen- 


ter, mitochondria in axons are indicated by | 


single arrowheads and in glial cells mitochon- 
dria are indicated by double arrowheads. 
Note that the cristae of mitochondria of axons 
are normally more tubular than in glia (top). 
Mitochondria in both cell types within the 
nerve appear to be affected by methanol 
treatment (center). In the optic nerve of ex- 
perimental animals treated with both metha- 
nol and nitrous oxide, mitochondria are often 
disrupted and difficult to identify. The struc- 
ture indicated by the arrowhead in the bottom 
figure appears to be a mitochondrion as indi- 
cated by the double membrane. However, the 
origin of other vesicular components in the 
tissue is unclear (top and center, x 20 800; 
bottom, x 24 600). 


changes in response to methanol treat- 
ment has been previously reported. 
Diffuse retinal edema that was seen 
herein has been observed by ophthal- 
moscopic evaluation in methanol-in- 
toxicated humans and nonhuman pri- 
mates."" Baumbach et al" documented 
mitochondrial swelling and disruption 
in the optic nerve of methanol-intoxi- 
cated primates. In agreement with 
these findings, the optic nerve in this 
rodent model also appears to be sensi- 
tive to formate exposure. In this study 
mitochondrial changes were also seen 
in other tissues, notably photorecep- 
tors and RPE. 

It is unclear if the additional mor- 
phologic alterations seen in the rat 
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retina that were not previously ob- 
served in primates reflect species dif- 
ferences in the response to methanol 
poisoning or differences in experimen- 
tal protocol such as methanol dosage or 
tissue handling. Conclusions drawn 
from histopathologic studies of human 
tissues after methanol poisoning have 
been limited by questions of postmor- 
tem artifact.""^" Postmortem changes 
in this study were minimized by the 
use of perfusion fixation. In primates it 
is impossible to distinguish acute tis- 
sue effects of the methanol itself (if 
any) from the effects of the toxic me- 
tabolite formate. This distinction can 
be made to some extent in methanol- 
treated rats that do not accumulate 
high levels of formate in the absence of 
nitrous oxide exposure. In this study 
the group of control animals that were 
treated with methanol, but not the 
nitrous oxide gas, displayed no electro- 
physiologic changes or light microscop- 
ic abnormalities in the retina. Howev- 
er, subtle structural changes were 
seen in the mitochondria of the optic 
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nerve. These changes may not have 
been due to methanol alone as these 
animals showed slight elevations in 
blood formate levels. Whatever the 
cause of the mitochondrial changes, 
the results support the view cf Hayreh 
et al^" that the mitochondria of the 
optic nerve are peculiarly sensitive to 
methanol poisoning. 

The reason for the tissue-specific 
effects of formate toxicity in methanol 
poisoning remains unknown. Formate 
has been hypothesized to act by inhib- 
iting mitochondrial function following 
its interaction with cytochrome oxi- 
dase, a mitochondrial transmembrane 
protein complex involved in electron 
transfer.""^^ Because formate levels 
become elevated in the blood after 
methanol treatment, it is unclear why 
mitochondria are preferentially affect- 
ed only in certain tissues. Other mito- 
chondrial disorders exhibit tissue 
specificity." ^ The availability of this 
rat model of methanol toxicity that, as 
in primates, has tissue-specific mani- 
festations may be useful in studying 
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Abnormal Scleral Collagen in Nanophthalmos 


An Ultrastructural Study 
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e Ten patients with bilateral nanoph- 
thalmos underwent sclerectomies for 
uveal effusion. Ultrastructural examina- 
tion of the sclera revealed abnormal col- 
lagen in seven patients. Four showed 
dramatic fraying of the collagen fibrils 
into fine filaments 2 to 3 nm in diameter. 
In three of these cases and three other 
cases without fraying, there were foci of 
10- to 35-nm small collagen fibrils, some 
appearing to arise by splitting of other- 
wise normal collagen fibrils. In areas of 
fraying, elastic fibers were absent. All 
patients had a wider range of collagen 
diameters than did control subjects. The 
youngest patient with fraying also had 
Hallermann-Streiff syndrome. In three 
patients, no collagen abnormality was 
found. The clinical feature correlating 
best with the presence of abnormal colla- 
gen was an extremely small eye, since 
the three patients without collagen ab- 
normality had the largest eyes (range of 
anteroposterior diameters, 19.2 to 20.3 
mm). Nanophthalmos appears to result 
from several distinct defects. 

(Arch Ophthalmol. | 1991;109:1017- 
1025) 


erived from the Greek word nanos 
(dwarf), nanophthalmos is a rare 
disorder characterized by a small eye, 
shallow anterior chamber, thickened 
sclera, and a tendency toward sponta- 
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neous or postoperative uveal effusion.’ 
It was originally described by Duke- 
Elder’ as a pure microphthalmos (sim- 
ple microphthalmos) without other 
ocular abnormalities (complex mi- 
crophthalmos). The thickened sclera is 
now thought to play a role in the 
pathogenesis of the uveal effusion by 
impeding outflow through the vortex 
veins or by reducing transscleral flow 
of protein from the eye, resulting in 
choroidal congestion and effusion.** 

Nanophthalmic scleral tissue has be- 
come more available for study in re- 
cent years due to the discovery that 
lamellar resection of the thickened 
sclera can result in resolution of the 
uveal effusion and exudative retinal 
detachment,*^ and resection or scleros- 
tomy may prevent these complications 
when used prophylactically.‘ The ultra- 
structure of nanophthalmie sclera has 
been described in three patients" with 
conflicting findings. Yue et al’ report- 
ed that the diameter of the collagen 
fibrils varied more in patients than in 
control subjects, and some were 
"twisted within bundles." Trelstad et 
al' found the collagen indistinguishable 
from that in controls, but noted pools 
of fibrogranular material between col- 
lagen bundles. We examined sclera 
from 10 nanophthalmie patients and 
found ultrastructural abnormalities of 
the collagen fibrils in seven of these 
patients. 


PATIENTS AND METHODS 


Equatorial sclerectomy specimens were 
obtained during surgery from 10 patients 
with bilateral nanophthalmos; their ages 
ranged from 9 months to 67 years (Table). 
The youngest patient had the additional 
diagnosis of Hallermann-Streiff syndrome,” 


a form of dwarfism, but the other patients 
had no known systemic disease. From one 
to three pieces of sclera were removed from 
one eye of each patient; they varied in 
diameter from 3 x 4 mm to 7x5 mm and in 
thickness from 0.5 mm to 1.0 mm. Sclerae 
from three patients (patients 2, 3, and 7) 
were immediately frozen, while the other 
sclerae were fixed in 2.596 glutaraldehyde. 
A portion of each frozen specimen was later 
fixed in the same manner. Multiple blocks 
were made to sample different areas of the 
sclera. 

Fixed specimens were postfixed in 196 
osmium tetroxide, dehydrated, and embed- 
ded in Mollenhauers medium for transmis- 
sion electron microscopy (TEM). Thin sec- 
tions were double stained with uranyl 
acetate-lead citrate and examined in an 
electron microscope (JEOL 100-SX, JEOL 
Ltd, Tokyo, Japan, or Phillips 300, Phillips 
Electronie Instrument Co, Holland). From 
three to nine or more grids were examined 
in each case. Epoxy resin (Epon) sections 
were also immunostained for elastic fibers 
with antisera to human a-elastin (Elastin 
Products Co Ine, Owensville, Mo) using 
10-nm gold-labeled second antibody, as pre- 
viously described." 

Normal control sclerae were taken from 
eye bank eyes in the same equatorial re- 
gions in seven patients aged 12 days, 14 
years, 25 years, 47 years, 57 years, 77 
years, and 79 years and processed in the 
same way for TEM. Measurements of colla- 
gen fibrils were made on their cross-sec- 
tional diameters in all cases to establish 
their range. 


RESULTS 


In the normal control sclera, the 
collagen fibrils were arranged in dis- 
tinet bundles, oriented parallel to the 
surface of the globe in alternating la- 
mellae that branched and intermingled 
in different planes (Fig 1). The superfi- 
cial eollagen fibrils were wider than 
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Clinical Characteristics and Scleral Ultrastructural Findings in 10 Patients With Nanophthalmos * 







Patient 


No. Clinical Findings 


Uveal effusion and 
retinal detachment 
(unilateral), thick 


Age/Sex 













glaucoma 






Short stature, uveal 


retinal pigment 
changes 
Hallermann-Streiff 

syndrome, cataract 











7 wks, uveal 

effusion, retinal 
detachment, thick 
sclera, glaucoma 










Postoperative uveal 
effusion and retinal 


sclera, open angle 
glaucoma, 
pseudoexfoliation 
Uveal effusion, retinal 
detachment, thick 
sclera 


Diffuse choroidal 
thickening, thick 









glaucoma 










Lensectomy (L), 
uveal effusion (L), 
thick sclera, 

glaucoma 






Uveal effusion, retinal 
detachment, thick 
sclera, 
electroretinographic 
and retinal pigment 
changes, 

hypertension 

Ciliary body 

detachment, thick 












glaucoma, cataract 

(removed) 

Uveal effusion, retinal 
detachment, thick 









glaucoma 





sclera, narrow angle 


effusion, thick sclera, 


surgery at age 5 and 


detachment (R), thick 







sclera, angle closure 


sclera, angle closure 


sclera, angle closure 


Length of Small / Split Nonsplit 
Refraction, Eye or Frayed Collagen Collagen 
Family History Diopters Eyes, mm Collagen Fibrils, nm Fibrils, nm 





Brother hyperopic, NA 15.6 (R) 4+ 10-15 73-254 
retinal 15.5 (L) 
detachment 
"healed itself” 





Two brothers wore NA 
thick glasses 





+22.00 
(aphakic) 


None 


+8.50 +3.00 NA 
X 130° (R), 
+8.75 +2.50 
X 45° (L) 






+15.00 (R) 
+14.25 (L) 





Four of six sisters 
had ''small eyes” 
and glaucoma 








Sister had similar +16.00 —0.50 
"small eyes," X 15° (R) 
electroretinographic +16.25 (L) 
changes 








Father had +5.50 +2.50 20.3 (R) None None 55-167 
congenital X 125° (R), 19.8 (L) 
cataracts +6.50 +5.00 
X 55° (L) 


* All changes were bilateral unless otherwise stated. NA indicates not available. 


the deeper ones, with an overall range 
of 50 to 250 nm. Elastic fibers and their 
accompanying 10-nm microfibrils were 
predominantly between the scleral la- 
mellae, with occasional small elastic 
fibrils within the lamellae (Fig 1). The 
elastic fibers were increasingly sur- 
rounded by 55-nm and sometimes 100- 
nm banded material after the first to 
second decade (Fig 1). 

At the light microscopic level, we 
saw no features distinguishing the nan- 
ophthalmic cases from the controls. 
Ultrastructurally, the diameters of 
normally banded collagen fibrils in the 
nanophthalmie sclera had a wider 
range (30 to 320 nm) (Table) than in 
the normal controls, but their periodic- 
ity and width of dark and light bands 
showed no appreciable difference be- 
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tween patients with nanophthalmos 
and controls (Fig 1, bottom). 

Four of the 10 patients (patients 1 
through 4) manifested a striking 
frayed appearance of collagen fibrils in 
both focal and more diffuse areas. At 
low magnification, a darker smudgy 
appearance of the sclera was seen in 
the most severely affected areas (Fig 
2, top). Fraying developed abruptly at 
the ends of collagen fibrils (Fig 2, 
bottom left) as though they were sud- 
denly unraveling into filaments of 2 to 
3 nm (Fig 2, bottom right). Less often, 
fraying occurred focally in an other- 
wise normal fibril. Collagen cross 
banding was sometimes faintly visible 
for a short distance within the fraying 
(Fig 2, bottom right). 

The width of the dark cross bands 
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was the same in patients as in controls, 
but tended to be more electron dense 
in the frayed cases. In the cross sec- 
tion, a more darkly stained center was 
often present in the frayed fibrils, with 
a whorled or helical pattern of the 
filaments (Fig 3) compared with the 
homogeneous dot pattern in controls 
(Fig 1, bottom). The four patients ex- 
hibited different frequencies of frayed 
collagen (Table). Two cases were grad- 
ed 4+, indicating that the normal col- 
lagen was virtually buried in a sea of 
unraveled collagen fibrils in more than 
60% of the sample (Fig 2). One case 
was graded 3+ (40% to 60% frayed), 
and another case was graded 2+ (20% 
to 40% frayed). There was also a dif- 
ference in the “looseness” of fraying, 
with cross-sectional diameters of the 
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Fig 1.—Normal sclera of 14-year-old patient. Top, Collagen fibrils (cf) in longitudinal (above) 
and cross-sectioned lamellae, with elastic fibers (ef) between them (original magnification 
x 19 500). Inset A, Elastic fiber (ef) composed of amorphous elastin cords with peripheral 
microfibrils (arrow) (original magnification x 47 600). Inset B, Sclera of patient aged 25 years. 
Elastic fiber hidden by 55-nm banded material (original magnification x 21 600). Bottom, Light 
and dark cross-banding pattern on normal collagen fiber at high-power view (original magnifica- 
tion x81 800). Inset, Homogeneous dot pattern in cross section (original magnification 


x 108 000). 


expanded fibrils varying from 327 to 
727 nm, compared with adjacent non- 
frayed collagen fibrils with diameters 
up to 254 nm. Where the unraveled 
filaments were widely separated they 
became confluent,  obscuring the 
boundaries of individual fibrils. Patient 
3, with Hallermann-Streiff syndrome 
(Fig 4), had frayed collagen fibrils in- 
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distinguishable from those in patients 
1, 2, and 4. 

Another type of collagen abnormali- 
ty was seen in patients 1, 2, 5, and 6. 
They had focal clusters of thin fibrils 
(Fig 5, left) 10 to 15 nm in diameter 
that were similar to elastic microfibrils 
but without the 10- to 12-nm microper- 
iodicity. Their continuity with the ends 


of normal collagen fibrils in some sites 
was further evidence that they repre- 
sented another form of collagen split- 
ting (Fig 5, right). Patients 4, 6, and 7 
had foci of other small collagen fibrils, 
30 to 35 nm in diameter, that were 
often closely associated with larger 
collagen fibrils at their ends; again, 
they appeared to originate from colla- 
gen of more usual diameter by splitting 
(Fig 6). Patient 2 had some collagen 
fibrils with a serrated border in cross 
section; these fibrils were among colla- 
gen fibrils with regular borders (Fig 7, 
inset) Twisted or helical collagen fi- 
brils with some separation into smaller 
subunits were seen only in patient 5 
(Fig 7). 

In all these areas of abnormal colla- 
gen, focal aggregates of electron-dense 
amorphous material were present. 
These aggregates were frequently 
found in regions of abnormal collagen, 
both within bundles and between la- 
mellae where elastic fibers would be 
expected, and less often between la- 
mellae elsewhere. Their ultrastructure 
showed no banding or periodicity (Fig 
2, top and bottom right, and Fig 6), 
and they showed no affinity for elastin 
antibody. Fewer recognizable elastic 
fibers were found in the frayed colla- 
gen specimens than in normal control 
sclerae. Within areas of fraying they 
were absent, although elastic microfi- 
brils were sometimes found in small 
clusters. 

Very small elastic fibers were seen 
in patient 2. In the older patients, 
elastie fibers had central densities and 
more cuffing with granular material 
than is usual for their ages, but by 
contrast they had less 55- to 100-nm 
banded material around their periph- 
eries than is usual for their age (Fig 1). 
Recognizable elastic fibers were all 
elastin antibody-positive. The appear- 
ance of the collagen fibrils in normal 
control sclerae showed some variation 
depending on the patients age. The 
fibrils of the younger controls were of 
more uniform size and shape (Fig 1), 
while older controls (ages 57 to 79 
years) had foci of collagen fibrils with 
irregular, serrated borders on cross 
section (Fig 8, inset). The 77- and 79- 
year-old controls had occasional taper- 
ing of collagen fibrils to widths as thin 
as 30 nm and a few long fibrils of this 
thiekness (Fig 8), somewhat like the 
more abrupt change we refer to as 
splitting. 

No inflammatory cells other than an 
oecasional mast cell were present in 
the sclerae. Scleral fibrocytes showed 
much surgical or freezing artifact in 
these lamellar dissected specimens, 
with rupture of cells and densification 
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Fig 2.—Top, Case 2. Darker smudgy areas 
of frayed collagen (arrows) among normal 
collagen fibrils (cf) (original magnification 
x 6700). Bottom left, Case 1. Banded colla- 
| gen fibrils in a sea of frayed collagen (fc). The 
collagen fibril expands abruptly into fine fila- 
ments (arrows) (original magnification 
x 69 000). Bottom right, Case 1. Banding per- 
sists for a short distance into the fraying (ar- 
row). Scattered 10-nm collagen filaments are 
seen (asterisks). Dense aggregates of un- 
known type (d) are adjacent to collagen fibrils 
(original magnification x 45 000). Inset, High- 
power view of 2- to 3-nm frayed collagen 
filaments (original magnification x 76 000). 





















or compression of nuclei and cyto- 
plasm. These changes were more fre- 
quent in the smallest eyes with fray- 
ing. When well preserved, the cells 
displayed no consistent difference from 
those of controls (Fig 9, top), and 
displayed no inclusions suggestive of 
abnormal mucopolysaccharides or lip- 
ids. Patient 1 had occasional cells with 
dilated rough endoplasmic reticulum 
(Fig 9, center) that were sometimes 
seen also in older controls. Several cilia 
with prominent basal bodies were 
found in patients 1 and 4 (Fig 9, bot- 
tom), but were not noted in controls. 


COMMENT 


The greater range of collagen fibril 
diameters found in nanophthalmic 
sclera compared with sclera of controls 


1020 Arch Ophthalmol — Vol 109, July 1991 


in the same age range (30 to 520 nm vs 
50 to 250 nm) was consistent with the 
range of 50 to 300 nm reported by Yue 
et al" in their cases of nanophthalmos 
vs 70 to 220 nm in their controls. The 
diameter of normal scleral collagen fi- 
brils varies regionally. In the inner 
sclera, it ranges from 90 to 130 nm and 
averages 100 nm™”; in middle sclera, it 
ranges from 100 to 140 nm; and in 
outer sclera, the mean diameter is 66 
nm." We could not relate collagen di- 
ameters or fraying to particular depths 
in our study since inner and outer 
surfaces of the sclera were not identi- 
fied. Nevertheless, in nanophthalmie 
sclera, collagen fibrils were both 
thicker and thinner than in any areas 
of normal sclera, suggesting a marked 
disturbance in the control of 
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fibrillogenesis. 

The abrupt fraying of apparently 
normal collagen fibrils into sprays of 2- 
to 3-nm filaments, as seen in four of 
our nanopthalmos cases, appeared to 
represent an unraveling of the fibril 
into its constituent subunits. The less 
dramatic “splitting” of collagen fibrils 
into units varying from 10 to 35 nm 
seemed to be a related process, since it 
was found in three cases that also had 
fraying, as well as in three cases with- 
out fraying. The unique appearance of 
this fraying and splitting raised the 
question of whether it could be an 
artifact of handling or processing. Two 
of the frayed specimens (cases 2 and 3) 
were frozen before they were fixed and 
processed for TEM. Specimens from 
cases 1 and 4 were not frozen, yet case 
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Fig 3.—Case 4. Cross section of expanded frayed collagen fibrils (lower right) adjacent to more normal but variably sized 





collagen (upper left) (original magnification x 40 500). Inset, Whorled arrangement of frayed collagen filaments (arrow) 
with denser centers. Normal collagen fibril (ncf) is evident above (original magnification x 81 000). 





Fig 4.— Case 3. Left, Severe fraying (arrow) among small collagen fibrils (asterisk) in a 9-month-old boy with Hallerman- 
Streiff syndrome (original magnification x 42 000). Right, Abrupt fraying of collagen into filaments (arrows) (original 
magnification x 86 000). 


1 had some of the most severely frayed 
fibrils. Likewise, only two of six speci- 
mens with splitting had been frozen, 
thus ruling out freezing as a factor. 
None of the normal eye bank sclerae 
showed fraying. Some frayed and non- 
frayed specimens were removed by the 
same surgeon, making it unlikely that 
surgical variations were related. 

The finding of some collagen with 
serrated borders in normal controls 
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older than 75 years, as well as tapering 
of collagen into 30-nm fibrils that 
somewhat resembled splitting, raised 
the question of whether these findings 
were necessarily pathologic in the nan- 
ophthalmic patients. Minor degrees of 
serrated collagen have been described 
in several connective tissue disorders 
and degenerations. ^" Patients 6 and 7 
had split collagen fibrils as their prima- 
ry abnormality and were aged 60 and 


67 years. However, the abrupt split- 
ting in these cases clearly resembled 
that in patients two to three decades 
younger (patients 1, 2, and 5) rather 
than the tapering seen in controls older 
than 75 years, and appeared to repre- 
sent a true abnormality. 

Fraying identical to that seen in 
cases 1 through 4 has been reported in 
one case of spondyloepiphyseal dyspla- 
sia (SED) in the dermal collagen fi- 
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Fig 5.—Case 5. Split collagen fibrils. Left, Fine 10-nm filaments (arrowhead) and 30- to 35-nm fibrils (larger arrows) appear 
to derive from splitting of larger collagen fibrils (original magnification x 47 000). Right, High-power view of poorly banded 
(arrowheads) collagen fibrils continuous with 10-nm thin filaments (arrows) (original magnification x 116 000). 
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Fig 6.—Case 4. Apparent splitting off of 30- to 35-nm collagen fibrils from larger fibrils. Note the scattered dense 
aggregates (lower left) (original magnification x 67 000). Inset B, Case 7. Foci of 30- to 35-nm small collagen fibrils in cross 
section (arrow) as they turn from a longitudinal course (double arrows) (original magnification x 35 000). Inset C, Case 7. 
Normal major periodicity (arrowheads) in some smaller fibrils (original magnification x 72 000). 
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Fig 7.— Case 5. Partially split twisted and helical collagen fibrils (arrows) (original magnification 


x 68 000). Inset, Case 2. Focus of serrated collagen fibrils (arrow) in cross section (original 


magnification x 40 000). 
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Fig 8.—Normal control sclera in a 79-year-old man. Tapering 30- to 35-nm small collagen fibrils 
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(arrows) among normal thicker collagen. Narrow 55-nm banding around elastic fiber in upper left 
corner and wide 100-nm banding in lower right corner (original magnification x 43 600). Inset, 
Irregular or serrated appearance of some collagen fibrils in cross section (original magnification 


x 40 800). 


brils. ^" Spondyloepiphyseal dysplasia 
is a group of inherited disorders with 
skeletal dysplasia involving the spine 
and epiphyses of long bones, giving 
rise to dysmorphic short stature in 
adults. The case of SED with frayed 
collagen also differed from other SED 
cases in having a diffuse punctate cor- 
neal dystrophy," leading the authors 
to suggest that there might have been 
an abnormality in proteoglycan metab- 
olism. None of our patients showed 
any evidence of SED. Patient 2 had 
short stature and possibly two affected 
brothers, but no signs of skeletal 
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dysplasia. 

Identical fraying of collagen has 
been produced experimentally in hu- 
man cervical tissue following treat- 
ment with urea,” and in human dermis 
after treatment with urea or guani- 
dine.” Extraction of tissue with guani- 
dine is a standard method for removing 
proteoglycan, which was the explana- 
tion suggested by Anderson and Saj- 
dera" for experimental collagen unrav- 
eling. Lillie et al^ observed that this 
collagen dissociation with chaotropic 
agents progressed by splitting of fi- 
brils into smaller and smaller subunits, 








similar to the spectrum of 30- to 35- 
nm, 10-nm, and 2- to 3-nm collagen 
subunits seen in our cases. While these 
experimental results cannot be direct- 
ly translated to pathogenesis of dis- 
ease, they suggest that proteoglycan 
or some other extractable materials 
are important in the normal lateral 
aggregation of collagen subunits. 

Helical or twisted collagen, similar 
to the twisting observed in case 5, has 
been seen in human tumors.” Several 
other types of collagen fibril dissocia- 
tion that are common in Ehlers-Danlos 
and other connective tissue syn- 
dromes, such as collagen “flowers” and 
“pinwheels,” were not seen in our nan- 
ophthalmic cases. Holbrook and 
Byers” have suggested that all of the 
above abnormalities be included within 
the term composite collagen fibril to 
indicate a fibril with a nonhomoge- 
neous composition. They emphasize 
that the pathogenesis of these changes 
is heterogeneous rather than specific 
to a particular disease. 

Yue et al’ reported that some scleral 
collagen fibrils in their nanophthalmic 
patient were “twisted within bundles” 
but did not describe anything resem- 
bling fraying or splitting. In cell cul- 
tures of their patient’s scleral fibro- 
blasts, they found the levels of all 
glycosaminoglycans (GAGs) markedly 
reduced, and in a later study” the 
levels of fibronectin were increased. 
The in vitro finding of decreased GAGs 
conflicts with that of Trelstad et al, 
who found increased quantities of AI- 
cian blue staining material that they 
considered to be proteoglycan in the 
sclera of two nanophthalmic patients. 
While in vitro and in vivo findings of 
matrix components are not necessarily 
related, the differences are striking 
and require further investigation. 
Trelstad et al' correlated the histo- 
chemical alcianophilia with pools of 
amorphous and banded material visible 
on TEM. Much of the banded material 
is more suggestive of the banded elas- 
tic fibers shown in Fig 1 than proteo- 
glycan, but proteoglycan may be asso- 
ciated with this aging material. Similar 
findings were observed by Ward et al? 
in sclera from a 21-mm eye with uveal 
effusion syndrome. 

The electron-dense  fibrogranular 
material found in clumps within the 
matrix in our patients was elastin neg- 
ative and not present in the controls. 
It appeared to be a complex material, 
some of which could be proteoglycan. 
Cellular remnants may be included 
since few cells were found in the most 
pathologie sclerae. Also to be consid- 
ered is precipitated protein from the 
uveoscleral effusion fluid itself. There 
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Fig 9.—Ultrastructure of scleral fibrocytes. Top, Normal control, aged 47 years. Center, Case 1. 
Dilated, rough, endoplasmic reticulum (arrow) in an otherwise inactive-appearing cell. Bottom, 
Case 4. Granular cytoplasm with profiles of rough endoplasmic reticulum, many free ribosomes, 
and basal bodies with two cilia (arrows) (original magnifications x 20 200). 


was no suggestion of a storage disease 
or other specific finding in the scleral 
cells. The presence of cilia was unusu- 
al, but it has been reported in fibro- 
blasts of normal subjects and in a 
variety of pathologie conditions, as re- 
viewed by Ghadially." 

The possibility that GAG metabo- 
lism is abnormal in nanophthalmos is 
not unreasonable since GAGs influence 
collagen fibril formation, packing, and 
stabilization, as well as elastic fiber 
formation." Uveal effusion and thick- 
ened sclera have been reported in one 
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case of mucopolysaccharidosis type II 
(Hunters syndrome)" However, Hol- 
brook and Byers” presented evidence 
that morphologie and even quantita- 
tive studies of components in connec- 
tive tissue diseases do not necessarily 
predict which component harbors the 
primary defect, since an abnormality 
in one component will affect all the 
others. An explanation for the focal 
nature of the fraying and splitting in 
our cases is not clear, although it 
might reflect the distribution of specif- 
ic collagens, GAGs, other structural 
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proteins, or abnormally secreting cells. 

Only two of our patients exhibited 
any evidence of a systemic disease; 
patient 3 had Hallermann-Streiff syn- 
drome and patient 2 had short stature 
but no other phenotypic abnormality. 
Hallermann-Streiff syndrome is a dis- 
ease of unknown etiology; it is rarely 
hereditary, associated with mandibulo- 
facial malformation (“birdlike facies"), 
proportionate dwarfism, ectodermal 
changes, microphthalmos, congenital 
cataracts that eventually resorb, and 
often glaucoma." Thick sclera and 
exudative retinal detachment are not 
recognized features of this syndrome, 
although recurrent central serous 
choroidopathy after age 11 years has 
been described.” A decrease and frag- 
mentation of dermal elastic tissue"? 
and a lack of collagen fibril “cohesive- 
ness"" have been disclosed by light 
microscopy. The extensive collagen 
fraying in our case was indistinguish- 
able from that in our three other nan- 
ophthalmos cases with fraying. 

It is of some interest that our small 
group of patients came from a remark- 
able variety of ethnic origins, including 
northern and central European, cen- 
tral African, Yemeni Arab, Japanese, 
and Jewish backgrounds. Three (75%) 
of four patients with severely frayed 
collagen were male, as were four (67%) 
of six patients with split collagen fi- 
bers. The two female patients with 
demonstrable collagen abnormalities 
were older than all but one of the male 
patients, suggesting a less severe form 
of disease. Due to the bilaterality of 
nanophthalmos, its occurrence in many 
populations, and familial patterns in 
some, the possibility of a genetic defect 
seems highly likely. Since only one 
generation was affected in our cases 
and in the family described by Cross 
and Yoder,” heredity is likely reces- 
sive or X-linked, with expression pos- 
sible in some female carriers. 

After grouping the patients accord- 
ing to severity of collagen abnormality, 
an important clinical feature became 
evident. The group with frayed colla- 
gen had the smallest ocular diameters 
(14 to 15.8 mm). Those with only split 
collagen fibrils had intermediate-sized 
eyes (15.7 to 17.8 mm), and those 
without recognizable collagen fibril ab- 
normality had the largest eyes (19.2 to 
20.3 mm). These apparently distinctive 
groups had some overlap, and further 
sampling might show more of a contin- 
uum. It was also not possible to obtain 
axial measurements on two of the 10 
eyes. Nevertheless, the severely 
frayed collagen in the three smallest 
eyes in the series is a sufficiently 
unique characteristic to suggest that it 
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identifies a specific abnormality. Even 
in this group, two somewhat different 
abnormalities were likely present, 
since one of the patients had Haller- 
mann-Streiff syndrome as well. Pa- 
tients with no demonstrable collagen 
abnormality would be expected to have 
a different defect. 

Age and evidence of familial disease 
had no apparent correlation with spe- 
cifie collagen changes. Patients 2 and 8 
had many clinical similarities besides 
uveal effusion and thick sclerae, in- 
cluding pseudoretinitis pigmentosa- 
like retinal changes, high hyperopia, 
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and possible affected siblings. Howev- 
er, patient 2 showed 4+ fraying and 
patient 8 had no collagen changes. 
Their ocular lengths were also quite 
different. Patient 2 had axial lengths of 
15.4 and 15.8 mm. The 19.9- and 19.2- 
mm axial lengths in patient 8 place the 
eyes outside the 18-mm upper limit for 
nanophthalmos, as recently defined by 
Weiss et al,” although they are well 
within the 20.5-mm limit used in the 
series by Jin and Anderson' and Singh 
et al.’ 

Classification of small eyes as nan- 
ophthalmic or microphthalmic by strict 
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Leukemic Infiltration of the Optic Nerve 


26-year-old woman presented with a 

gradual, painless vision loss in the 
right eye. She had a history of acute lym- 
phocytic leukemia treated with chemo- 
therapy and prophylactic central nervous 
system radiation. She was clinically in re- 
mission at the time of presentation. 





Fig 1.—Color photograph of the right eye 
shows the large infiltrating lesion involving the 
optic nerve with serous retinal detachment 
(arrows). 





Fig 3.—Ultrasonogram of the right eye 
shows the intraocular mass (arrow) with se- 
rous retinal detachment. 





Fig 5.—Cytologic stains of the fine-needle 
aspiration biopsy specimen show anaplastic 
cells consistent with leukemia (Papanicolaou 
stain, original magnification x 1000). 
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Visual acuity was no light perception in 
the right eye and 6/6 in the left eye. The left 
eye was normal. Fundus examination of the 
right eye showed massive infiltration of the 
optic nerve head and surrounding retinal 
detachment (Figs 1 through 4). The white 
blood cell count was 6.6 x 10°/L with a nor- 


Fig 2.—Fluorescein angiogram shows the 
large, hypofluorescent mass at the optic 
nerve head and dilated retinal veins. 





Fig 4.—Computed tomogram of the orbits 
shows the mass in the posterior pole of the 
right eye, serous retinal detachment, and 
slight thickening of the anterior portion of the 
optic nerve. 





Fig 6.— Posttreatment photograph of the op- 
tic nerve 12 weeks after radiation therapy and 
chemotherapy shows regression and residu- 
al atrophy. 





mal differential. Lumbar puncture results 
and bone marrow were normal. 

A fine-needle aspiration biopsy through 
the pars plana, to rule out possible mycotic 
infection, showed malignant leukemic cells 
(Fig 5). The patient received 4000-CGy 
external beam radiation to the eye in addi- 
tion to systemic chemotherapy, and experi- 
enced regression of the intraocular mass 
(Fig 6). 


COMMENT 


Decreased visual acuity from leuke- 
mic infiltration of the optic nerve is 
rare and may result from compression 
necrosis or vascular occlusion.” In 
most reports of leukemic optic nerve 
invasion, there is evidence of central 
nervous system and bone marrow in- 
volvement.^ However, some patients 
may be clinically in remission at the 
time of ophthalmic presentation,’ as in 
our case. 

Prophylactic brain irradiation to 
prevent involvement of the central 
nervous system may miss portions of 
the optic nerve due to shielding of 
ocular structures. The recurrence of 
leukemic cells in the optic nerve in this 
and other patients may represent re- 
sidual tumor. Emergent radiation 
therapy, sometimes with intrathecal 
chemotherapy, has been shown to pre- 
serve vision if applied early.*” 


R. TRENT WALLACE, MD 
JERRY A. SHIELDS, MD 
CAROL L. SHIELDS, MD 
HORMOZ EHYA, MD 
MADELINE EWING, MD 
Philadelphia, Pa 


This study was supported by the Eye Tumor 
Research Foundation Ine, Gladwyne, Pa. 

Reprint requests to Ocular Oncology Service, 
Wills Eye Hospital, Ninth and Walnut Streets, 
Philadelphia, PA 19107 (J. A. Shields). 
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Diffuse Unilateral 
Subacute Neuroretinitis 


A 27-year-old man noted painless visual loss in his left eye. He was 
evaluated and treated by a neurologist with high-dose oral 
prednisone therapy for a presumptive diagnosis of multiple sclerosis. 
His medical history was unremarkable. 

The patient was later evaluated ophthalmologically because of his 
persistent visual loss. His visual acuity was 20/20 OD and 20/200 OS. 
A 3+ relative pupillary defect existed in the left eye. The anterior 
segment of each eye and the right fundus appeared normal. Fundus 
examination of the left eye revealed mottling of the retinal pigment 
epithelium, with generalized attenuation ofthe retinal arterioles (Fig 
1). The optic dise was pale with a small intraretinal hemorrhage near 
the optie nerve. We considered the entity to be diffuse unilateral 
subacute neuroretinitis. Investigation of the left fundus with a Gold- 
mann lens revealed a motile subretinal organism near the nasal aspect 
of the optic disc. The nematode measured approximately 1600 jum in 
length. It moved approximately 1 mm within 1 hour (Fig 2). We chose 
to destroy the organism by means of intense focal retinal photocoagu- 
lation using argon green laser (Fig 3). Follow-up examination 6 


months later revealed a visual acuity of 20/200 without progression of 


fundus abnormalities. 


COMMENT 


Gass et al first described the clinical entity of diffuse 
unilateral subaeute neuroretinitis in 1977. It is a clinical syn- 
drome characterized by unilateral visual loss with vitritis, 
papillitis, retinal vasculitis, and recurrent crops of white 
outer retinal lesions. The syndrome is caused by at least two 
types of unidentified species of nematode. If the organism can 
be identified, it can be destroyed by focal photocoagulation. 


ARUNAN SIVALINGAM, MD 
RICHARD E. GOLDBERG, MD 
JAMES AUGSBURGER, MD 
PAUL FRANK, MD 
Philadelphia, Pa 


This work was supported in part by the Southampton (Pa) Lions Club. 
Reprint requests to the Retina Service, Wills Eye Hospital, Ninth and 
Walnut streets, Philadelphia, PA 19107 (Dr Sivalingam). 
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Fig 1.—Fundus photograph of the left eye revealing a nematode near 
the nasal aspect of the optic nerve (arrow). 





Fig 2.—Red-free fundus photograph of the left eye revealing a nema- 
tode slightly inferior to its position in Fig 1 (arrow). 





Fig 3.—Fundus photograph of the left eye immediately after focal 
photocoagulation of the nematode. 
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Ophthalmology in Other Countries 


Ophthalmology in Ethiopia 


e In one of the poorest countries of the 
world, accurate and precise information 
about blindness and eye disease is limit- 
ed. After a brief background description 
of Ethiopia, the data available on ocular 
morbidity and the resources available to 
the country are discussed. General lack 
of infrastructure in Ethiopia remains an 
obstacle to provision of better eye care. 

(Arch Ophthalmol. 1991;109:1029- 
1031) 


Ej thiopia is unique among African 
countries for many reasons. Its his- 
tory can be traced into antiquity and it 
has retained much of its original char- 
acter throughout centuries. With vari- 
able frontiers it has had a continuous 
existence as a nation for at least 2000 
years. It is one of only two African 
countries that was never colonized, 
and Ethiopians are culturally distinct 
from “black Africa.” It was ruled by 
monarchies for most of its existence 
but the last king was deposed in 1974 
and replaced by a military government 
that modeled itself on what used to be 
Eastern bloc-style communism. The 
government has been engaged with 
northern provinces for the past 28 
years in the longest ongoing civil war 
in Africa. As a result, access to this 
area is limited and information about 
the ophthalmologic situation in the 
north is incomplete. 
Ethiopia encompasses an area of 
1 235 000 sq km (about the size of Cali- 
fornia, Nevada, Utah, and Arizona 
combined) and altitudes range from 
118 m below to 4576 m above sea level. 
Climatic conditions vary from tropical 
to temperate. Although Ethiopia has 
large amounts of arable land, full agri- 
cultural potential has not been real- 
ized. Accelerated population growth, 
poor land use practices, and recurrent 
drought in the northern highlands 
have resulted in serious land degrada- 
tion and low productivity. Ethiopia's 
livestock population is the largest in 
Africa and the 10th largest in the 
world. Since 1974, progressively en- 
larging areas of famine in the northern 
part of the country have dominated the 
economic and ecologic life of the coun- 
try. The population continues to grow 
at an annual rate of 2.9956. Unless 
certain measures are pursued vigor- 


Arch Ophthalmol — Vol 109, July 1991 


ously, including active conservation 
and environmental rehabilitation as 
well as the cessation of hostilities in 
the north, the problem of famine is 
likely to continue and increase. 

Ethiopia consists of an estimated 48 
million people of more than 40 differ- 
ent ethnic groups. Most of the popula- 
tion resides in the central highlands. 
About 11% are urban dwellers and 86% 
of the population gain a livelihood from 
agriculture. The per capita income, 
$130 per year, is the lowest recorded 
in the world.” The main center of popu- 
lation is the centrally located capital 
city, Addis Ababa, with approximately 
1.5 million inhabitants. The only other 
large city is Asmara in the north with 
about 400 000 inhabitants. 

Twenty-two percent of the pop- 
ulation is younger than 6 years. Infant 
mortality is estimated at 153/1000. 
Maternal mortality in Ethiopia 
(2000/100 000 live births) is the highest 
in the world.” Life expectancy at birth 
is 41 years. These figures may be 
compared with those of other African 
countries in Table 1. It has been esti- 
mated that 75% of health problems are 
attributable to communicable diseases 
and malnutrition. The high prevalence 
of communicable disease is due to poor 
hygiene and lack of environmental san- 
itation, detrimental cultural beliefs 
and practices, poverty, and lack of 
health services. In 1988 only 9% of the 
rural population was provided with 
adequate and safe water." 


BLINDNESS AND OCULAR 
MORBIDITY IN ETHIOPIA 


Although health facilities serve only 
a small proportion of the population, it 
is significant that “eye diseases” are 
listed as the third leading cause for 
visits to these facilities after dysenter- 
ies/gastroenteritis and helminthiasis.' 
Among victims of the 1985 famine who 
visited shelter health facilities, eye dis- 
eases were the fifth most common 
cause of morbidity." More precise diag- 
noses than these were not made and, 
although these figures give some in- 
sight into the magnitude of ocular 
problems in Ethiopia, adequate sur- 
veys of blindness and ocular morbidity 
in Ethiopia have not been conducted. 
The most reliable estimates come from 


a report in 1981 that estimated the 
nationwide prevalence of blindness as 
1.596, which is three times the World 
Health Organization criterion defining 
blindness as a significant publie health 
problem. According to this report, 
trachoma is the leading cause of blind- 
ness (290000 of 720000 estimated 
blind) followed by cataract (205 000). 
Trachoma, found throughout much of 
the country, varies seasonally and with 
altitude and is probably responsible for 
the higher prevalence of blindness in 
Ethiopia than is found in other African 
countries." Onchocerciasis is endemic 
to western Ethiopia (Fig 1), but there 
is conflicting information regarding the 
extent of ocular morbidity and blind- 
ness from this. Most authors consider 
infection with Onchocerca volvulus to 
be mild in Ethiopia and not to cause 
visual loss”; however, there are an 
estimated 1.3 million infected and 7.3 
million at risk of infection and it is not 
improbable that there is some visual 
loss attributable to this." Xerophthal- 
mia is a cause of blindness in focal 
areas throughout Ethiopia." A recent 
study of residents of a school for the 
blind suggests that malnutrition, and 
probably vitamin A deficiency, is an 
important cause of blindness in young 
children." Surveys among children ar- 
riving at refugee shelters in 1985 have 
shown that 10% to 30% have signs of 
vitamin A deficiency.^^ The worsen- 
ing famine situation is expected to 
exacerbate the problem of childhood 
blindness. Approximately 150000 pa- 
tients have "active" and "cured" lepro- 
sy; many of these patients have ocular 
complieations and have already pro- 
gressed to blindness. No surveys of 
ocular leprosy have been undertaken 
in Ethiopia. There is little information 
on the magnitude of blindness and 
ocular morbidity due to glaucoma. 


OPHTHALMOLOGIC RESOURCES 


All Ethiopian ophthalmologists are 
in government service. There are 17 
qualified Ethiopian and three expatri- 
ate ophthalmologists in the country, 
making an ophthalmologist-population 
ratio of 1:2.2 million (Table 2). There 
are a few expatriate general surgeons 
who do some eye surgery and two 
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Fig 1.— Trachoma and onchocerciasis in Ethiopia. 


Ethiopian health assistants trained in 
cataract surgery. The distribution of 
manpower is shown in Fig 2. Rural 
Ethiopia (86% of the population) re- 
mains underserved. 

Menelick II Hospital is the center 
for the Department of Ophthalmology 
within the Addis Ababa University 
Faculty of Medicine. There has been a 
residency training program at Mene- 
lick Hospital since 1980 that has been 
responsible for the training of 15 Ethi- 
opian ophthalmologists. Resident se- 
lection is based on academic standing, 
recommendations, and entrance ex- 
aminations. The program is designed 
to be completed in 4 years, which may 
include an ophthalmic internship year. 
Residents are expected to see a mini- 
mum of 1500 outpatients in 36 months, 
do 350 refractions, do at least 100 
cataract extractions, as well as per- 
form a number of oculoplastie proce- 
dures. In addition, they participate in 
training of nurses and medical stu- 
dents, spend 6 weeks studying clinical 
pathology, and prepare seminars. To 
earn final qualification, residents must 
pass an oral examination administered 
by an examiner who comes from out- 
side the country. 

The National Programme for the 
Prevention of Blindness (NPPB), un- 
der the Ministry of Health, was estab- 
lished in 1985 to coordinate blindness 
prevention activities in Ethiopia. The 
NPPB is responsible for conducting 
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Table 1.— Comparison of Economic and Health Data of Selected Countries? 


GNP* Population With Life 
(per Capita), Access to Safe Expectancy 
$ Water (Rural), % at Birth, y 


Ethiopia 45 153 130 9 41 


23 71 330 21 59 
9 71 580 32 59 


Malawi 8 149 160 50 47 
United States 245 10 18530 100 75 


Table 2.—Comparative Data on Ophthalmology and Blindness" 


Ophthalmologists 
per Population 


Ethiopia 1.5 1/2 200 000 3800 1/760 000 
Kenya 0.7 1/1000 000 7132 1/325 000 


Zimbabwe 0.8 1/700 000 2500 1/700 000 
Malawi 1.0 1/2000 000 2760 1/180000 
United States 0.02 1/20 000 NA NA 








No. of Cataract 
Operations 
per Year 


OMAs per 
Population 


* OMA indicates ophthalmic medical assistant; NA, not applicable. 


vitamin A and trachoma workshops 
and assists in integrating eye care in 
the curriculum of health schools. The 
NPPB advises the Ministry on blind- 
ness prevention needs in Ethiopia and 
is also involved in the training of oph- 
thalmic medical assistants (OMAs). 

To better meet the needs of rural 
Ethiopia, the OMA program was start- 
ed in 1987. This is a joint effort among 
the Department of Ophthalmology, the 


Ministry of Health, the NPPB, Helen 
Keller International, and the Interna- 
tional Eye Foundation. The OMA stu- 
dents are health assistants (12th-grade 
graduates with 18 months of health 
assistant school) who have been work- 
ing in the field for a minimum of 2 
years. The course is 1 year, consisting 
of 3 months of didactic lectures, about 
7 months of hospital training (inpatient 
and outpatient), and 1 month of rural 
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field training. The OMAs are expected 
to be able to check visual acuity, per- 
form tonometry, recognize and treat 
major infectious causes of blindness, 
perform surgery for trichiasis/entro- 
pion, perform enucleations and evis- 
cerations, refer appropriately patients 
with cataract and glaucoma for surgi- 
cal treatment and then follow up these 
patients, give first aid for injuries, 
diagnose and treat eye disease related 
to malnutrition, and provide ocular 
health education to schools and com- 
munities. The third class, graduating 
in August 1990, will bring the total to 
59 trained OMAs. Distribution of 
OMAs generally reflects political sta- 
bility of the areas and the presence 
of governmental or nongovernmental 
health facilities. A major problem for 
the program is lack of referral centers 
to support and supervise the OMAs. 
Nevertheless, some form of medical 
assistant training remains the best 
hope for overcoming the manpower 
shortage. 

Within Addis Ababa an estimated 
1600 cataract operations are per- 
formed annually. Outside of Addis 
Ababa approximately 2200 cataract op- 
erations are performed annually. The 
bulk of ophthalmologic work outside 
Addis Ababa is supported by various 
nongovernmental organizations. Senile 
cataracts are removed by intracapsu- 
lar extraction and loupes are routinely 
used. Intraocular lenses are not used. 
In the recent past, a number of practi- 
tioners performed couching operations; 
however, after government interven- 
tion, this has become rare. Availability 
of postoperative aphakic spectacles re- 
mains a problem and most patients do 
not receive them. The lenses are pro- 
duced at only one place in the country, 
a mission in Addis Ababa that dis- 
penses 80 to 90 pairs per year within 
the city and approximately 250 pairs 
outside Addis Ababa. The Lions Club 
in Addis Ababa also provides some 
aphakic spectacles. There are plans 
underway within the NPPB to set upa 
low-cost spectacle production work- 
shop as well as a facility for eye drop 
production. 


PRESENT AND FUTURE NEEDS 


As mentioned earlier, trachoma is 
probably the major cause of blindness. 
This is a public health problem whose 
ultimate solution lies in education of 
the population and in improved envi- 
ronmental sanitation. Local health 
units and community-based health 
workers, rather than ophthalmologists 
or even OMAs, have to carry the mes- 
sage to communities about the impor- 
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tance of improving personal hygiene. 
Various nongovernmental organiza- 
tions have been instrumental in assist- 
ing villagers in the construction of 
wells and latrines. These measures, 
when coupled with community-based 
health education, are essential to re- 
duce the burden of blindness from tra- 
choma.^^ 

Equally imposing is the problem of 
cataract. In 1981, an estimated 2000 
cataract operations were carried out 
per year’; in 1989, this figure was 
approximately 3800. If only one eye 
per patient was operated on, it would 
be necessary to do 14 000 cataract op- 
erations per year for 15 years to elimi- 
nate the backlog of unnecessary blind- 
ness from cataract. Clearly, there is a 
need to train individuals to do cataract 
surgery and to provide aphakic specta- 
cles. Two OMAs have been trained as 
cataract surgeons in Kenya and there 
are plans to train two more in the next 
year. 

Figures on cataract backlog such as 
those given above, however, may be 
misleading to ophthalmologists who 
have not experienced working in de- 
veloping countries. An insufficient 
number of cataract surgeons is only 
one problem. Infrastructure must be 
established within which cataract sur- 
geons can be effective. Instruments 
must be available and a reliable source 
of basic supplies such as sutures, ban- 
dages, and drugs must be established. 
Aphakic spectacles must be provided. 
The inadequate road system and com- 
munication network make access to 
goods and services difficult. Beyond 
this, many patients refuse surgery for 
reasons, probably cultural, which have 
not been investigated. 

The challenges of reducing blindness 
and ocular morbidity in Ethiopia today 
are formidable. Meeting these will re- 
quire long-term commitment and coop- 
eration from both governmental and 
nongovernmental organizations. 


SUSAN LEWALLEN, MD 
PAUL COURTRIGHT, DRPH 
Addis Ababa, Ethiopia 


Pawlos Quana’a, MD, Chairman, Department of 
Ophthalmology, Addis Ababa University School of 
Medicine, reviewed the manuscript. Dr Lewallen’s 
work in Ethiopia was supported by Christoffel 
Blindenmission, Bensheim, Germany. 


References 


1. Central Statistical Office. Statistical Abstract 
1984. Addis Ababa, Ethiopia: Central Statistical 
Office; 1984. 

2. World Bank. World Development Report 
1989. Washington, DC: World Bank; 1989. 


3. UNICEF. The State of the World's Children 
1990: United Nations Children’s Fund. New York, 
NY: Oxford University Press Inc; 1990. 

4. Ministry of Health. Comprehensive Health 
Services Directory 1983/84. Addis Ababa, Ethiopia: 
Ministry of Health; 1984. 

5. Getahun A, Hailemariam E, Ngatiri G. 
Trends of the ten most common diseases in four 
drought affected areas of Wello, Shewa and Sidamo 
Administrative Regions 1985/86. Presented at the 
Ethiopian Medical Association Conference; May 6, 
1986; Addis Ababa, Ethiopia. 

6. Budden FH. Blindness in Ethiopia Report. 
Geneva, Switzerland: World Health Organization; 
1981. 

7. DeSole G. Eye diseases. In: Ahmed ZZ, Kloos 
H, eds. The Ecology of Health and Disease in Ethi- 
opia. Addis Ababa, Ethiopia: Ministry of Health; 
1988. 

8. Okubagzhi GS. Epidemiology of trachoma in 
northwestern Ethiopia. E Afr Med J. 1987; 
64;9:611-616. 

9. Feitelberg I. The fight against trachoma in 
Ethiopia. Ethiop Med J. 1964;2;229-235. 

10. Bietti GB, Guerra P, Vozza R, et al. Results 
of a large-scale vaccination against trachoma in 
East Africa (Ethiopia) 1960-1965. Am J Ophthal- 
mol. 1966;61:1010-1029. 

11. De Sole G. Impact of cattle on the prevalence 
and severity of trachoma. Br J Ophthalmol. 
1987;71:873-876. 

12. Ahmed ZZ. Onchocerciasis. In: Ahmed ZZ, 
Kloos H, eds. The Ecology of Health and Disease in 
Ethiopia. Addis Ababa, Ethiopia: Ministry of 
Health; 1988. 

13. Oomen AP. The epidemiology of onchocerci- 
asis in southwest Ethiopia. Trop Geogr Med. 
1969;21:105-137. 

14. De Sole G, Walton JC. Onchocerciasis in 
Gamo Gofa: an anthropological and ecological 
study. Ethiop Med J. 1976;14:37-48. 

15. Ahmed ZZ. The epidemiology of onchocerci- 
asis in northwestern Ethiopia. Trop Geogr Med. 
1986;38:33-39. 

16. Yeneneh H, Mengistu F, Ayele T. A multi- 
disciplinary study of onchocerciasis in Bure area, 
Ethiopia. Ethiop Med J. 1989;27:121-128. 

17. WHO Expert Committee on Onchocerciasis. 
Third Report: Technical Report Series 752. Gene- 
va, Switzerland: World Health Organization; 1987. 

18. De Sole G, Yigzan B, Bekalu Z. Vitamin A 
deficiency in southern Ethiopia. Am J Clin Nutr. 
1987;45:780-784. 

19. Lintjorn B. Xerophthalmia in the Gardula 
area of southwest Ethiopia. Ethiop Med J. 
1983;21:169-173. 

20. Pizzarello LD. Age specific xerophthalmia 
rates among displaced Ethiopians. Arch Dis Child. 
1986;61:1100-1103. 

21. Repola M. Study on Vitamin A Deficiency in 
Ethiopia: A Country Affected by Recurrent 
Drought and Famine. Addis Ababa, Ethiopia: 
WHO Emergency Preparedness and Response Re- 
gional Centre for Africa; 1989. 

22. Admasu L. Report on Nutrition Survey in 
Ibnat Relief Shelter, Gondar Administrative Re- 
gion. Addis Ababa, Ethiopia: Report to World Vi- 
sion International/Ethiopia; 1985. 

23. Sheffield V. Assessment of Visual Status 
Among Ethiopian Refugees in Sudan in January 
1985. New York, NY: Report to Helen Keller In- 
ternational; 1985. 

24. Marx R. Sociomedical aspects of trachoma. 
Acta Ophthalmol. 1988;66(suppl):83. 

25. Tielsch JM, West KD, Katz J, et al. The 
epidemiology of trachoma in southern Malawi. Am 
J Trop Med Hyg. 1988;32;2:393-399. 

26. Sehwab L. Ophthalmology in Zimbabwe. 
Arch Ophthalmol. 1989;107:284-287. 

27. Chirambo MC, Schwab L. Ophthalmology in 
Malawi. Arch Ophthalmol. 1989;107:1826-1829. 

28. Whitfield R. Ophthalmology in Kenya. Arch 
Ophthalmol. 1987;105:1438-1441. 


Ophthalmology in Other Countries — 1031 








3 
| 


" 


er NO Me, es 


ap. 


Surgical Technique 


The Osseointegration Technique for the 
Rehabilitation of the Exenterated Orbit 


Jeffrey A. Nerad, MD; Keith D. Carter, MD; William E. LaVelle, DDS; Ann Fyler; Per-Ingvar Branemark, MD, PhD 


e Osseointegrated implants can be 
used successfully to support maxillofa- 
cial prostheses. Six patients (aged 37 to 
80 years; average age, 68 years) under- 
went orbital exenteration for eyelid neo- 
plasms infiltrating into the orbit. Each 
patient underwent a two-stage osseoin- 
tegration procedure in preparation for 
fitting an orbital prosthesis. In the first 
stage, three or four bone-anchored fix- 
tures were placed into the bony orbital 
rim. Skin penetration and abutment 
placement were performed in the sec- 
ond-stage operation, performed 3 to 
6 months later. Successful osseointegra- 
tion was achieved in 17 (94.4%) of 18 
fixtures in five nonirradiated patients. All 
five patients were successfully fitted with 
an implant-retained prosthesis. One pa- 
tient who underwent irradiation lost all 
four fixtures that had been placed. This 
patient chose to wear a black patch rath- 
er than a conventional prosthesis held in 
with adhesive. Average follow-up was 16 
months for the five patients who were 
successfully fitted with orbital prosthe- 
ses (range, 6 to 30 months). 

(Arch Ophthalmol. |. 1991;109:1032- 
1038) 


After orbital exenteration, patients 

are left with a severely disfiguring 
facial defect. Reconstruction using 
standard plastic surgical procedures 
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mobilizing soft tissues cannot provide a 
satisfactory result. Facial rehabilita- 
tion, however, may be undertaken 
with a silicone prosthesis. Problems 
exist with retention and alignment of 
these prosthetic devices. The prosthe- 
sis may be attached to spectacle 
frames; however, the glasses may not 
be removed in public. Adhesives or 
double-sided tape may be used to se- 
cure the prosthesis in place but may 
cause skin reaction, prosthetic discol- 
oration, poor edge adhesion, and loss 
of retention. Because many of the pa- 
tients undergoing exenteration are 
older, they have a difficult time in 
orienting and applying the prosthesis. 
Fear of misalignment or of losing the 
prosthesis in public often causes these 
patients to lose confidence in their 
appearance, and they abandon the use 
of the prosthesis. Bone-anchored orbit- 
al implants, placed by means of the 
osseointegration procedure, provide 
patients who have undergone exenter- 
ation with an excellent means of reten- 
tion and accurate alignment of their 
orbital prostheses.’ 

Since the 1950s, there has been a 
great deal of interest in finding a suit- 
able implant material and technique to 
anchor dentures permanently to the 
edentulous jaw. A variety of metallic 
implants ranging from stainless steel 
to tantalum’ were tried. All met the 
same fate, that is, fibrous encapsula- 
tion and eventual extrusion. It was 
assumed that permanent implantation 
was not possible without connective 
tissue intervening between the im- 
plant and the surrounding bone.” In 
1969, during in vivo microscopic stud- 
ies of bone marrow, Branemark et al! 
found that screw-shaped titanium opti- 


eal chambers implanted into the bone 
could not be easily removed. These 
titanium implants were anchored to 
bone without fibrous encapsulation 
such that high stress loads could be 
tolerated.' This method of implantation 
enabling a stable, direct implant an- 
chorage into living bone tissue, de- 
scribed by Albrektsson et al, was 
termed osseointegration. 

These techniques of osseointegration 
are currently being applied in the reha- 
bilitation of maxillofacial defects re- 
sulting from trauma or tumor.” To the 
best of our knowledge, this technique 
has not been introduced into the oph- 
thalmology literature. We report our 
experience with the osseointegration 
technique in the rehabilitation of the 
exenterated orbit. 


PATIENTS AND METHODS 
The Osseointegration Technique 


The osseointegration procedure” is per- 
formed in two stages. The stage 1 proce- 
dure consists of implanting titanium fix- 
tures into the bony orbital rim. The fixtures 
are covered with skin and subcutaneous 
tissues while osseointegration occurs. Stage 
2 is undertaken 4 months later. The skin 
over the fixtures is opened and an abutment 
is screwed into the fixture. The abutment 
protrudes from the skin. After healing 
takes place, a prosthesis is made that at- 
taches to a framework connected to the 
abutments (Fig 1). 


Stage 1: Implant Installation 


Stage 1 (Fig 2) is performed with the 
patient under local anesthesia in most 
cases. A skin incision is marked along the 
superior and lateral orbital rim. Local anes- 
thesia consisting of 2% lidocaine with epi- 
nephrine and 0.75% bupivacaine is injected 
subcutaneously in the area of proposed inci- 
sion (Fig 3, A). The surgical field is pre- 
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Fig 1.— Left, Patient after orbital exenteration with prosthesis in place, left orbit. Center, Framework and 
magnets attached to osseointegrated implants. Right, Back of prosthesis. 





Fig 2.— Schematic summarizing implant installation (stage 1). 


pared and draped in the usual manner. A 
skin incision is made and a periosteal flap is 
formed (Fig 3, B). Three or four implant 
sites are chosen, with two or three sites 
above and one or two sites below the fronto- 
zygomatic suture. 

Driling is accomplished with a sharp 
disposable cutting dril. A slow drilling 
speed (1200 to 1500 rpm) and abundant 
irrigation are mandatory to prevent ther- 
mal injury to the bone. The first drilling is 
performed with a cutting burr (Fig 3, C). A 
small drill hole is made to assess the quality 
and depth of the bone. If the bone appears 
adequate, a 3- or 4-mm sleeve is fitted over 
the burr and the hole is completed. If the 
bone is too thin, the site is abandoned and a 
new site is chosen. After this preliminary 
drilling, a spiral drill with a countersink is 
used to make a hole of the final diameter 
and direction. The spiral drill (Fig 3, D) is 
used at the same slow speed with similar 
precautions with regard to irrigation. As 
the drill reaches the final depth, the coun- 
tersink on the drill engages the rim and a 
flat area is cut that will seat the flange of 
the implant against the bone (Fig 3, E). 

The spiral drill is exchanged for a titani- 
um threading tap (Fig 3, F). The threading 
is performed at only 8 to 15 rpm to allow 
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precise cutting of the bone without thermal 
damage. Again, irrigation is used to cool 
the bone during threading. A titanium 
screw-shaped implant of the corresponding 
length of the threaded hole is selected (3 or 
4 mm) The implant is screwed into the 
threads of the bone by means of a fixture 
mount on the drill (Fig 3, G). Only bone 
touches the implant threads, to avoid sur- 
face contamination with tale or other de- 
bris. The implant turns at 8 to 15 rpm until 
small shavings of bone from the area of 
countersink appear in the small holes in the 
flange of the implant. The fixture is then 
tightened by hand by means of a small 
ratchet. Extreme care is taken not to over- 
tighten the implant (Fig 3, H) and strip the 
threads in the bone. A cover screw is 
threaded into the internal threads of the 
implant (Fig 3, I). These internal threads 
will be used later to attach the skin-pene- 
trating abutments. After placement of 
three or four fixtures, the periosteal flap is 
closed with interrupted 5-0 polyglactin (Vi- 
cryl) sutures, and the skin is closed with 
interrupted 6-0 nylon sutures (Fig 3, J). 
Topical antibiotic ointment is applied, and 
the wounds are dressed with a pressure 
bandage for 1 week. These steps complete 
the stage 1 procedure. 


In our early cases, only three implants 
were placed. We now place four implants. 
Should one or two implants fail to integrate 
with bone, prosthesis retention is still possi- 
ble with the remaining two implants. If all 
four implants osseointegrate, we leave one 
implant "buried," as the best framework is 
made bridging three implants. 


Stage 2: Abutment Installation 


Stage 2 is undertaken not less than 3 
months later. The goal of the stage 2 proce- 
dure is to connect a titanium cylinder, 
known as an abutment, to the implant, 
which has become integrated with the bone 
(Fig 4). This procedure involves thinning of 
the subcutaneous tissues and penetration of 
the skin with the abutment. Again, the 
procedure is performed with the patient 
under local anesthesia on an outpatient 
basis. 

After satisfactory anesthesia, prepara- 
tion, and draping, the previously placed 
implants are identified by means of a sharp 
probe. In some cases intraoperative photo- 
graphs of stage 1 are consulted to help 
locate the implants, which may not be pal- 
pable under the skin. A skin incision is 
made at the side of the implant, and any 
soft tissue or bony overgrowth is freed from 
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the surface of the implant. Any loose im- 
plant that has not undergone osseointegra- 
tion should be removed. The skin overlying 
and surrounding the implant is thinned so 
that there is no subcutaneous tissue be- 
tween the periosteum and the dermis of the 
skin (Fig 5, top left). This thinning is essen- 
tial to prevent movement of the tissue 
around the implant, thereby interfering 
with integration of the soft tissue to the 
abutment. Any skin containing eyebrow 
hairs should be removed and replaced with 
a skin graft of non-hair-bearing skin. The 
thinned skin flap is laid over the implants, 
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and a trephine is used to eut a hole in the 
skin overlving the implant. A 3- or 4-mm 
abutment is placed through the hole in the 
skin and screwed into the implant (Fig 5, 
top right) The procedure is repeated for 
each of the implants. The skin is sutured 
with interrupted 7-0 polyglaetin sutures 
(Fig 5, bottom left). 

A plastie healing cap is screwed into the 
top of the abutment. Gauze coated with 
antibiotic ointment is wrapped around the 
abutments to compress and immobilize the 
skin (Fig 5, bottom right). The dressing is 
changed after 1 week and replaced with a 
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similar one for an additional week. Four 
weeks after this procedure, fitting of the 
prosthesis is started. 


Facial Prosthesis 


Fitting the orbital prosthesis begins with 
preoperative consultation with the team 
prosthodontist, who is familiar with in- 
traoral osseointegration and the facial pros- 
thetist. Once the skin has healed, a cast of 
the socket is made.” The technique is simi- 
lar to the procedures described for the 
fitting of osseointegrated dental implants.” 
The cast is a negative impression of the 
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Fig 3. — A, The subcutaneous tissues are infiltrated with local anesthetic containing epinephrine. B, Skin 
incision before periosteal flap elevation. C, Preliminary drilling with a cutting burr. D, Spiral drill used at 
slow speed to cut the implant site. E, Flat area on the bony rim cut by the countersink on a spiral drill to seat 
the flange of the implant against the bone. F, Threading tap cutting threads into the bone at 8 to 15 rpm. G, 
Fixture mount screwing the implant into the bony rim. H, The implant in place. |, Cover screw is threaded 
into the internal threads of the implant. J, Closure of the wound. 


socket, including the exact position of the 
abutment cylinders. This cast is used to 
create a metal bridge that will fit precisely 
with the abutments. Either small clips or 
magnets are attached to this framework. 
Magnets were used in the patients de- 
scribed in this series. A silicone orbital 
prosthesis is made. Magnets of opposite 
polarity to those on the bridge are cast into 
the back of the prosthesis. To place the 
prosthesis into position, the patient brings 
the prosthesis up to the socket and the 
magnetie forces pull the prosthesis into 
position. The magnets hold the prosthesis in 
precise alignment. Retention is excellent. 
No additional means of support are neces- 


pary. 7 


RESULTS 


All patients were operated on under 
a Food and Drug Administration pro- 
tocol for extraoral applications of os- 
seointegration. Although this tech- 
nique is well accepted outside the 
United States, it is being performed 
only in a limited number of centers in 
this country. The implants are sup- 
plied at no cost to the patient under a 
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Food and Drug Administration proto- 
col. Before operation, the patients 
were informed of the goals and risks of 
the procedure. There have been no 
reports of life-threatening complica- 
tions related to the implant procedure 
in the head and neck.’ No reports 
addressing carcinogenicity of titanium 
in the literature are known. Likewise, 
there are no reports of toxic reactions 
from commercially available pure tita- 
nium.” Conventional prosthetic alter- 
natives are discussed with the patient. 

Six patients (aged 37 to 80 years; 
average age, 68 years) underwent or- 
bital exenteration for eyelid neoplasms 
infiltrating the orbit. Each patient un- 
derwent a two-stage osseointegration 
procedure, as described above, in 
preparation for fitting an orbital pros- 
thesis. In stage 1, three or four bone- 
anchored fixtures were placed around 
the orbital rims. Skin penetration and 
abutment placement were performed 
in the stage 2 operation, performed 3 
to 6 months later. 


Successful osseointegration was 
achieved in 17 (94.4%) of 18 fixtures in 
five nonirradiated patients. The one 
failed implant was found to be noninte- 
grated at the time of the stage 2 
procedure. One patient who had un- 
dergone irradiation lost all four im- 
plants that had been placed. These 
implants were removed at the time of 
the stage 2 procedure. The combined 
success rate of osseointegration was 
77.3%. All nonirradiated patients were 
able successfully to wear an implant- 
retained prosthesis. The irradiated pa- 
tient who did not achieve any osseoin- 
tegration chose to wear a black patch 
rather than a conventionally retained 
prosthesis. Average follow-up was 15 
months for the five successfully treat- 
ed patients (range, 6 to 30 months). 

There were no intraoperative com- 
plications. One patient had a postoper- 
ative wound infection that was suc- 
cessfully treated with broad-spectrum 
oral antibiotics. No implants were lost 
after the stage 2 procedure. 
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Fig 5.— Top left, Exposure of the implant and thinning of subcutaneous tissue. Top right, Abutments in 
place. Bottom left, Skin closure around the exposed abutments. Bottom right, Gauze coated with antibiotic 


ointment compressing and immobilizing the skin surrounding the abutments. 


COMMENT 
Biology of Osseointegration 
The initial concept of osseointegra- 
tion arose from in vivo microscopic 
studies of the bone marrow of rabbit 
fibula performed by Brànemark et al’ 
in the early 1960s. Screw-shaped tita- 
nium “optical chambers," used for in- 
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spection of bone healing, were im- 
planted into bone. The titanium 
chambers became incorporated within 
the bone without any fibrous tissue 
encapsulation. Long-term studies 
showed that the intraosseous anchor- 
age was stable and caused no undesir- 
able effects on the soft tissues. The 


term osseointegration was coined. 
Further experimental work by Brane- 
mark showed that similar direct inte- 
gration of a titanium implant into ver- 
tebral bone of dogs could be achieved 
even if the implant was allowed to 
penetrate the skin. The first osseointe- 
grated implants in humans were used 
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in 1965, when edentulous patients 
were treated.” Unlike other dental im- 
plants that were anchored in fibrous 
tissue, bone-anchored, osseointegrat- 
ed, oral implants gave long-lasting re- 
sults.’ Branemark et al,^*" in three 
studies, followed up osseointegrated 
implants in the upper and lower jaw 
after 10, 15, and 20 years. The success 
rate after 10 years was better than 
80% for implants in the upper jaw and 
better than 9096 in the lower jaw.' As 
of May 1988, more than 100000 os- 
seointegrated oral implants of the 
Brànemark-Nobelpharma type have 
been used all over the world.' 

Before the work of Brànemark and 
associates, it was believed that a direct 
contact between living bone and im- 
plant would be possible only if the 
implant was a nonmetallic mineral, a 
ceramic. Experimental work with ce- 
ramie implants did prevent connective 
tissue encapsulation; however, ceramic 
implants fractured when loaded at the 
implant site. Except under rare condi- 
tions, the surface of titanium becomes 
instantaneously coated with an oxide 
layer. A stable titanium oxide coating 
of about 10 nm on the surface of the 
implant actually prevents a direct con- 
tact between bone and metal, acting as 
a porous ceramic layer. This allows 
osseointegration to occur. Consequent- 
ly, the composition of the oxide layer 
appears to be important in terms of the 
osseointegration process.” 

A great deal of research has been 
done on the composition of the bone- 
implant interface. Roentgenologic and 
histologic analyses” of the anchoring 
tissue in dogs revealed incorporation of 
the titanium implants into the jaw 
bone. There was no evidence of any 
intermediary connective-tissue layer 
between the implant and the bone. 
There were no histologic signs of in- 
flammation in the bone bordering the 
implant. Even when the anchoring ele- 
ments were exposed to unlimited mas- 
ticatory forces, the tissues retained 
their integrity and vitality. In 1981, 
Albrektsson et al’ studied the interface 
zone between bone and implant using 
X-rays, scanning electron microscopy, 
transmission electron microscopy, and 
light microscopy. There were no signs 
of a connective-tissue layer between 
the bone and the implant. The implants 
showed no signs of corrosion. The bone 
covering the implants was of a dense 
lamellar type, forming well-organized 
concentric lamellae. The close relation- 
ship between the bone and the implant 
was thought to be responsible for the 
mechanical stability. Transmission 
electron microscopic analysis showed a 
direct bone-to-implant interface con- 
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tact, suggesting the possibility of di- 
rect chemical bonding between bone 
and titanium.” 

Branemark et al' first noted that 
titanium implanted subcutaneously did 
not cause inflammation or infection 
even at the site where the implant 
projected through the skin. In a study 
of 12 human volunteer subjects, Bran- 
emark et al” in 1982 studied the possi- 
bilities for skin penetration of the im- 
plant without subsequent infection. 
They showed that a biologic seal 
around the titanium implant was possi- 
ble, preventing descending infection. 
The critical factor seemed to be immo- 
bilization of the epithelial tissue 
around the implant. Where skin mobil- 
ity was permitted, all implants had to 
be removed due to infection. In volun- 
teers in whom all relative movements 
between the implant and the skin were 
eliminated, there were no extrusions 
or soft-tissue reactions. Thus, it ap- 
pears that the immobility of the skin 
achieved by thinning the soft tissues at 
the time of the stage 2 osseointegra- 
tion is important. 

Albrektsson et al’ studied the area 
where the abutment penetrates the 
skin, known as the soft tissue-implant 
interface. The soft tissues were closely 
adhered to the titanium implant, 
thereby forming a biologic seal, pre- 
venting microorganism infiltration 
along the implant. There were no 
white blood cells or any other types of 
inflammatory cells infiltrating the bor- 
der of the soft tissues. No wear prod- 
ucts from the implants could be found 
in the soft tissues. 

The effects of irradiation on the suc- 
cess of osseointegration have been 
studied. Jacobsson et al^ studied nine 
patients, aged 4 to 72 years, who had 
radiation therapy before the osseointe- 
gration procedure. The patients re- 
ceived from 25.0 to 72.8 Gy. A total of 
35 implants were placed. After an av- 
erage follow-up time of 25 months, 29 
of the 35 implants remained in stable 
position. Five fixtures (14.396) were 
removed because of nonintegration or 
insufficient integration. Additionally, 
three implants were available from 
postmortem specimens, all of which 
were clinically stable. Light microsco- 
py of the loose implants showed a 
fibrous capsule around the implant. In 
contrast, when the clinically stable im- 
plants were examined, the implant was 
in direct contact with the bone. Jacobs- 
son et al” concluded that osseointegra- 
tion was possible in irradiated pa- 
tients, but, when compared with other 
studies, bone healing was delayed. The 
number of patients available was too 
small to try to establish a relationship 


between failure of osseointegration 
and the irradiation dosage or the time 
span between the radiation and the 
implantation procedure. They sug- 
gested that at least 1 year should pass 
between the time of radiation and 
implantation. 

The goal of osseointegration is to 
achieve a direct contact between living 
bone and implant in an attempt to 
allow a permanent anchor for a pros- 
thesis. Several key features of the 
osseointegration process are stressed. 
The implant material, titanium, is ex- 
tremely corrosion resistant and is able 
to withstand stress.” The implant de- 
sign and finish contribute to the initial 
mechanical stability while osseointe- 
gration occurs. The bone should be 
healthy and not infected. A gentle 
surgical technique should be employed 
to keep bone and soft-tissue damage to 
a minimum. Thermal damage’ is avoid- 
ed by the use of sharp tools, a slow 
driling speed, adequate cooling, and 
little or no cautery. Surface contami- 
nants should not be introduced onto 
the surface of the titanium oxide. This 
is accomplished by handling the im- 
plants only with titanium instruments. 
There must be no loading of the im- 
plants until osseointegration occurs. A 
period of 3 to 4 months should pass 
before stage 2 is undertaken. In irradi- 
ated bone, a period of 1 year should 
pass before stage 1 is started. The skin 
surrounding the abutments should be 
immobilized for at least 2 weeks so 
that a bond can form at the skin- 
abutment interface. 


Extraoral Application 


Encouraged by good results in the 
oral cavity, Tjellstróm' operated on 
the first three patients for bone-an- 
chored hearing aids in 1977. Since that 
time, the use of bone-anchored im- 
plants has become a routine clinical 
practice in Sweden.* Tjellstróm et al" 
reported the first osseointegrated au- 
ricular prosthesis. Tjellstróm et al, in 
1988, showed a very favorable 1- to 5- 
year outcome in patients with osseoin- 
tegrated bone-anchored auricular pros- 
theses and hearing aids. A success rate 
of more than 95% in the temporal bone 
has been reported.’ Tjellstróm et al" 
concluded that titanium fixtures can be 
permanently integrated into the tem- 
poral bone of humans and can pene- 
trate the skin without soft-tissue infec- 
tion or inflammation. In the oral 
surgery literature, Parel et al? re- 
ported excellent success with facial 
prostheties with the use of osseointe- 
gration in the combined experience in 
Gothenberg, Sweden, and San Anto- 
nio, Tex. 
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The technique of osseointegration in 
the orbit appears to offer patients an 
excellent means of wearing an orbital 
prosthesis. All five patients operated 
on who had nonirradiated sockets suc- 
cessfully wear an implant-retained 
prosthesis. Although other studies" 
reporting osseointegration in irradi- 
ated tissues have been successful, the 
procedure failed in our single patient 
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who had undergone irradiation. In our 
five successful cases, the prosthesis is 
easy to attach and remove. The pa- 
tients have no problems with align- 
ment, and retention is excellent. The 
socket can be easily inspected. Os- 
seointegration appears to offer pa- 
tients who have undergone exentera- 
tion an alternative to conventional 
fixation of orbital prostheses. This 
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ogy. 1981;91:811-815. 


Validation of a Clinical Antisaccadic Eye Movement Test in the Assessment of Dementia 
Jon Currie, FRACP; Ben Ramsden; Cheryl McArthur; Paul Maruff 
(Arch Neurol. 1991;48:644-648) 


ARCHIVES OF INTERNAL MEDICINE 


Should the Elderly Be Screened for Hypercholesterolemia? 
John M. Eisenberg, MD (Arch Intern Med. 1991;151:1064-1068) 


An Apple a Day or an Aspirin a Day? 
James E. Dalen, MD (Arch Intern Med. 1991;151:1066) 


A Comparison of Home Glucose Monitoring With Determinations of Hemoglobin A,., 
Total Glycated Hemoglobin, Fructosamine, and Random Serum Glucose 


in Diabetic Patients 


1038 Arch Ophthalmol— Vol 109, July 1991 


EA Suzanne S. P. Gebhart, MD; Robert N. Wheaton, MMSc; Richard E. Mullins, PhD; 
J Garth E. Autsin, MD, PhD (Arch Intern Med. 1991;151:1138-1137) 
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Prescribe Inflamase Forte 1% for effective control of inflammation. 
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For a free copy, call 1/800-423-1871, ext. 1324. * "-. @- 
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Please see adjacent page for brief summary of prescribing information. 500 IOLAB Drive, Claremont, CA 91711 © 1991 IOLAB 





Continuing Medical Education 





Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive months and 
should be received at least 5 months prior to date of course, eg, for a June course by Jan 1 
to be included in the March, April, and May issues. A course held between the first and 
14th days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
600 N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 


sponsor for more detailed information. 


CALIFORNIA 


22nd Ann Scientific Symp of the American Soc 
of Ophthalmic Plastic & Reconstructive Surg 
At: Anaheim Date: 10/12/91 Contact: Bradley 
N. Lemke, MD, 1025 Regent St, Madison, WI 
58715; (608) 258-4520 


1991 Joint Mtg of the American Acad of Oph- 
thalmol & the Pan-American Assn of Ophthal- 
mol At: Anaheim Dates: 10/13/91 to 10/17/91 
Contact: Mtgs Dept, American Acad of Ophthal- 
mol, PO Box 7424, San Francisco, CA 94120- 
7424 


Med & Surg Retina in the 1990s At: Beverly 
Hills Dates: 10/11/91 to 10/12/91 Hrs Instr: 16 


Reg Fee: $500 Contact: Gretchen Falvo, Dir of 
Academic Prgms, Jules Stein Eye Inst, 100 Stein 
Plaza, UCLA, Los Angeles, CA 90024-7000; 
(213) 825-4617; FAX (213) 206-3652 


Uveitis & Retina Frontiers: Diagnostic, Med & 
Surg Approaches At: Carmel Dates: 9/15/91 to 
9/15/91 Contact: Univ of California, Extended 
Prgms in Med Educ, Room LS-105, San Francis- 
co, CA 94143-0742; (415) 476-4251; FAX (415) 
476-0318 


Phys Educ Prgm At: San Francisco Dates: 
7/26/91 to 7/27/91 Contact: Tami Willems, 
IOLAB Corp, 500 IOLAB Dr, Claremont, CA 
91711; 1-800-423-1871 or 1-800-352-1891 (inside 
Calif), ext 3398 


The Basic Sci Course in Ophthalmol at Stan- 


ford Univ At: Stanford Dates: 7/1/91 to 8/29/91 
Reg Fee: $1750 Contact: Basic Sci Course, 
Peter R. Egbert, MD, Dir, Dept of Ophthalmol, 
A-157, Stanford Med Ctr, Stanford, CA 94305- 
5308; (415) 725-7269 (Susan Marsh) 


GEORGIA 


Pediatric Ophthalmol At: Atlanta Date: 9/20/81 


Hrs Instr: 5.5 Sponsors: Emory Univ Sch of 
Med & Med Coll of Georgia Contact: Dept of 
CME, Emory Univ Sch of Med, 1440 Clifton Rd, 
Atlanta, GA 30322; (404) 727-5695 


HAWAII 


Curr Ophthalmol: A Review for the Prac Oph- 


thalmologist At: Kamuela Dates: 8/3/91 to 
8/10/91 Hrs Instr: 28.25 Reg Fee: $630 Contact: 
B. Johnson, USC Sch of Med, 1975 Zonal Ave, 
Los Angeles, CA 90033; (213) 342-2545; FAX 
(213) 342-2152 


Ophthalmol Update Course At: Mauna Lani 


Dates: 12/1/91 to 12/5/91 Reg Fee: $495 Contact: 
Emily Varnell, LSU Eye Center, 2020 Gravier 
St, Suite B, New Orleans, LA 70112; (504) 568- 
6700, ext 336 


ILLINOIS 


Natl Eye Trauma System Ann Mtg At: Chicago 


Dates: 7/18/91 to 7/20/91 Hrs Instr: 16 for 2-day 
symp, 7 for wet lab & prac mgmt course Reg 
Fee: $300 for 2-day symp, $150 for wet lab & 
prac mgmt course Sponsor: Univ of Illinois at 
Chicago & the Natl Eye Trauma System Con- 
tact: Nat] Eye Trauma System Ann Mtg, Univ 
of Illinois at Chicago, UIC Eye Ctr, Office of 


Inflamase" Forte 1% 


(prednisolone sodium phosphate) Ophthalmic Solution 
for unshakeable 100% potency. 


INDICATIONS AND USAGE: INFLAMASE FORTE Ophthalmic Solution is indicated for the treatment of the following 
conditions: steroid responsive inflammatory conditions of the palpebral and bulbar conjunctiva, cornea, and anterior 
segment of the globe, such as allergic conjunctivitis, acne rosacea, superficial punctate keratitis, herpes Zoster keratitis 
iritis, cyclitis, selected infective conjunctivitis when the inherent hazard of steroid use is accepted to obtain an advisable 
diminution in edema and inflammation; corneal injury from chemical, radiation, or thermal burns, or penetration of foreign 
bodies. INFLAMASE FORTE Ophthalmic Solution is recommended for moderate to severe inflammations, particularly 
when unusually rapid control is desired. In stubborn cases of anterior segment eye disease, systemic adrenocortical 
hormone therapy may be required. When the deeper ocular structures are involved, systemic therapy I$ necessary 
CONTRAINDICATIONS: The use of these preparations is contraindicated in the presence ot acute superficial herpes simplex 
keratitis, fungal diseases of the ocular structures, acute infectious stages of vaccinia, varicella and most other viral 
diseases of the cornea and conjunctiva, tuberculosis of the eye and hypersensitivity to a component of this preparation 
The use of these preparations is always contraindicated after uncomplicated removal of a superficial corneal foreign body 
WARNINGS: Employment of steroid medication in the treatment of herpes simplex keratitis involving the stroma requires 
great caution: frequent slit lamp microscopy is mandatory. Prolonged use may result in elevated intraocular pressure 
and/or glaucoma, damage to the optic nerve, defects in visual acuity and fields of vision, posterior subcapsular cataract 
formation, or may result in secondary ocular infections. Viral, bacterial and fungal infections of the cornea may be 
exacerbated by the application of steroids. In those diseases causing thinning of the cornea or sclera. perforation has been 
known to occur with the use of topical steroids. Acute purulent untreated infection of the eye may be masked or activity 
enhanced by the presence of steroid medication. This drug is not effective in mustard gas keratitis and Sjogren's 
keratoconjunctivitis. If irritation persists or develops, the patient should be advised to discontinue use and consult 
prescribing physician. PRECAUTIONS: As fungal infections of the cornea are particularly prone to develop coincidentally 
with long-term local steroid applications, fungus invasion must be suspected in any persistent corneal ulceration where a 
steroid has been used or is in use. Intraocular pressure should be checked frequently. This product is sterile when 
packaged. To prevent contaminating the dropper tip and solution, care should be taken not to touch the eyelids or any other 
surface with the dropper tip of the bottle. Keep out of the reach of children. Keep bottle tightly closed. Protect from light 
STORE AT CONTROLLED ROOM TEMPERATURE (15°-30°C) (59°- 86°F). ADVERSE REACTIONS: The following adverse 
reactions have been reported: glaucoma with optic nerve damage. visual acuity and field defects, posterior subcapsular 
cataract formation, secondary ocular infections from pathogens including herpes simplex and fungi, and perforation of the 
globe. Rarely, filtering blebs have been reported when topical steroids have been used following cataract surgery. Rarely 


Stinging or burning may occur. 
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LSU 4XEYE^ CENTER 
OPHTHALMOLOGY ^ UPDATE ^ COURSE 


DECEMBER 1-5, 1991 


The Ritz-Carlton 
Mauna Lani, Hawaii 


The newest developments 
at the newest resort 
on Hawaii's newest island 


Registration Limited * CME Credits Available 
Registration Fee: $495 
For further information contact: 
Emily Varnell 
LSU Eye Center 
2020 Gravier Street, Suite B 
New Orleans, LA 70112 * (504) 568-6700, ext. 336 


GUEST FACULTY 
Howard Fine, M.D. 


LSU FACULTY 


Stuart Ball, M.D. 

Bruce Barron, M.D. 

Herbert Kaufman, 
M.D. 

Stephen Klyce, Ph.D. 

Marguerite McDonald, 
M.D. 

Gholam Peyman, M.D. 


TOPICS INCLUDE 
Phacoemulsification 
Excimer laser 
Refractive surgery 
Corneal topography 
Herpetic eye disease 
Endophthalmitis 
Diabetic retinopathy 
CMV retinitis 
Uveal melanomas 
Glaucoma surgery 





Spec Prgm(s), 1855 W Taylor St, Chicago, IL 
60612; (312) 996-4747 


The First Ronald G. Michels/Natl Eye Trauma 
Sys Lec: Vitrectomy for Penetrating Ocular 
Trauma At: Chicago Date: 7/19/91 Lecturer: 
Stephen J. Ryan, Jr Contact: Catherine M. 
Brod, CME Coord, UIC Eye Ctr, 1855 W Taylor 
St, Chicago, IL 60612; (312) 996-4747; FAX (312) 
996-7770 


Next Step to Phaco At: Chicago Dates: 8/23/91 to 
8/24/91 Contact: Tami Willems, IOLAB Corp, 
500 IOLAB Dr, Claremont, CA 91711; (800) 423- 
1871 or (800) 352-1891 (inside Calif) 


Three Steps to Phaco At: Chicago Dates: 8/23/91 
to 8/24/91 Contact: Tami Willems, IOLAB Corp, 
500 IOLAB Dr, Claremont, CA 91711; (800) 423- 
1871 or (800) 352-1891 (inside Calif) 


KENTUCKY 


Eighth Ann Ophthalmol Sem: Lasers & Beyond 
At: Louisville Date: 9/14/91 Hrs Instr: 3.25 Reg 
Fee: $50 Contact: Norman D. Radtke, MD, 240 
Audubon Med Plaza, Louisville Plaza, Louisville, 
KY 40217; (502) 636-2823 


MAINE 


Ann Kevin Hill Sem in Ophthalmol At: Water- 
ville Dates: 7/21/91 to 7/25/91 Hrs Instr: 16 Reg 
Fee: $395 Contact: Robert H. Kany, Dir of 
Special Prgms, Colby Coll, Waterville, ME 
04901; (207) 872-3386 


MARYLAND 


Diabetic Retinopathy Course At: Baltimore 
Date: 9/20/91 Reg Fee: $225; $75 for residents, 


Jules Stein Eye Institute 
UCLA School of Medicine 


and 


Doheny Eye Institute 
USC School of Medicine 


Doheny Eye Institute 


MEDICAL AND SURGICAL 


RETINA IN THE 1990s 


October 11-12, 1991 


Prior to the American Academy 
of Ophthalmology meeting 


Course Directors 


Hilel Lewis, M.D. 
Stephen J. Ryan, M.D. 


The Beverly Hilton Hotel 
Beverly Hills, California 





fellows & allied health personnel before 8/15/91 
Sponsors: Retina Ctr at St Joseph Hosp & 
American Diabetes Assn Contact: Ruby Rich- 
ardson, Conf Coord, PO Box 20 000, Baltimore. 
MD 21284; (310) 337-4500 


MASSACHUSETTS 


Ann Mtg of the American Coll of Veterinary 
Ophthalmologists (ACVD) At: Boston Dates: 
9/26/91 to 9/29/91 Contact: Judy Schramm, Cor- 
tez Travel Inc, 117 Lomas Santa Fe Dr, Solana 
Beach, CA 92075; (619) 755-5136 


MISSOURI 


Rigid Gas Permeable Lens Prac Today & To- 
morrow At: St Louis Dates: 7/20/91 to 7/21/91 
Contact: Bobbette Ceasar, Univ of Missouri, St 
Louis Sch of Optometry, CE-Ext, 8001 Natural 
Bridge Rd, St Louis, MO 63121-4499; (314) 553- 
5604 or Judie Walter, RGP Lens Inst (314) 553- 
6235 


NEW JERSEY 


Symp for the Prac Ophthalmologist: Recent 
Adv in the Diagnosis and Surg Management 
of Lacrimal Disorders At: Englewood Date: 
9/21/91 Contact: Evelyn Le Clair, Course Coord, 
Englewood Hospital, 350 Engle St, Englewood, 
NJ 07631; (201) 894-3134 


NEW YORK 


Alumni Day 1991: Symp on Adv in Ocular Surg 
At: New York Date: 9/21/91 Hrs Instr: 5.5 Reg 


Course Faculty 


Gary Abrams, M.D. 
George Blankenship, M.D. 
Mark Blumenkranz, M.D. 
Stanley Chang, M.D. 
Gabriel J. Coscas, M.D. 
Donald J. D'amico, M.D. 
Stuart L. Fine, M.D. 

H. Mackenzie Freeman, M.D. 
J. Donald Gass, M.D. 

Bert M. Glaser, M.D. 

Lee M. Jampol, M.D. 

Peter Leaver, M.D. 

Harvey A. Lincoff, M.D. 
Brooks W. McCuen, II, M.D. 
Travis A. Meredith, M.D. 
Robert P. Murphy, M.D. 
Carmen A. Puliafito, M.D. 
Howard Schatz, M.D. 
Yasuo Tano, M.D. 

William S. Tasman, M.D. 
Matthew A. Thomas, M.D. 
Michael T. Trese, M.D. 


Fee: $125 Contact: NYU Postgrad Med Sch, 
550 First Ave, New York, NY 10016; (212) 263- 
5295 


First Harvey B. Taterka Lec At: New York Date: 
9/21/91 (during NYU ALumni Day 1991) Lectur- 
er: Robert B. Nussenblatt, MD Contact: NYU 
Med Ctr, Postgrad Med Sch; 550 First Ave, New 
York, NY 10016; (212) 263-5295 


OREGON 


Ninth Ann Internati Conf of the Benign Essen- 
tial Blepharospasm Res Found Inc At: Port- 
land Dates: 9/13/91 to 9/15/91 Contact: Benign 
Essential Blepharospasm Research Found Ine, 
PO Box 12468, Beaumont, TX 77726-2468; (409) 
832-0788 


TEXAS 


Cataract 1991 At: Dallas Date: 9/6/91 Reg Fee: 


$135 for phys before 8/23/91; $165 for phys after 


8/23/91; $85 for residents; $85 for allied health 
profs Contact: Paula M. Hall, Prgm Coord, 
Office of CME, Presbyterian Healtheare Sys- 
tem, 8160 Walnut Hill Lane, Dallas, TX 75231; 
(214) 891-2323 


Phacoemulsification & Small Incision IOLs: 
Lecture & Lab Course At: Houston Dates: 
8/2/91 to 8/3/91 Contact: Carol J. Soroka, Prgm 
Coord, Office of CE, Baylor Coll of Med, One 
Baylor Plaza, Houston, TX 77030; (713) 798-6020 


WISCONSIN 


Adv Vitreoretinal Symp At: Milwaukee Dates: 
1/25/91 to 7/27/91 Reg Fee: $400, by May 15; $450 


(Continued on p 1042.) 


This intensive and practical course will cover the 
most recent advances and innovations, contro- 
versies, and management of medical and surgical 
retinal problems such as age-related macular 
degeneration, complicated retinal detachments, 
choroidal neovascularization, cystoid macular 
edema, diabetic retinopathy, dislocated intraocular 
lenses, endophthalmitis, giant retinal tears, 
inflammatory and infectious retinitis, intraocular 
tamponade, lasers, macular holes, proliferative 
vitreoretinopathy, and retinopathy of prematurity 
among others. National and international speakers 
will address each subject with lectures and audio- 
visual presentations. Active audience participation 
in discussions will be encouraged. 


Registration Fee, $500.00 
CME Category | Credit, 16 hours 
For Information: 


Gretchen Falvo 


Director of Academic Programs MEL 
Lawrence A. Yannuzzi, M.D. Jules Stein Eye Institute rae Ci Pn 4 

100 Stein Plaza, UCLA fy "T PN" 
UCLA Ophthalmology Los Angeles, California 90024-7000 R ; Q AX 
Faculty and USC Pain LV ow 

(213) 825-4617 Bo d 
Opäthslnology Faculty (213) 206-3652 FAX K À . 


474A 


(Continued from p 1041.) 

after May 15; $200, residents/fellows Contact: 
William F. Mieler, MD, Eye Inst/Med Coll of 
Wisconsin, 8700 W Wisconsin Ave, Milwaukee, 
WI 53226; (414) 257-5544 


FOREIGN 


Natl Res Symp on Contact Lenses At: Toronto, 
Ontario, Canada Dates: 8/9/91 to 8/11/91 Spon- 
sor: Bausch & Lomb Contact: Bausch & Lomb, 
Attn: Ms Sue Cornell, Travel & Mtg Dept, 1400 
N Goodman St, Rochester, NY 14692; 1-800-544- 
8815, ext 8341 


Internat! Symp of the German Ophthalmologi- 
cal Soc (DOG): Update on Infectious Diseases 
of the Eye At: Münster Germany Dates: 
9/19/91 to 9/21/91 Contact: Alexander A. Biala- 
siewiez, MD, Univ Eye Hosp, Bonn, Sigmund 
Freud Str 25, 53 Bonn 1, Germany 


Vitreo-Retinal Convention At: Madras, India 
Dates: 9/7/91 to 9/8/91 Contact: Dr Amar Agar- 
wal, Dr Agarwals Eye Institute, 13 Cathedral 
id. Madras 600 086, India 


Internati Symp on Graves’ Ophthalmol At: Amm- 
sterdam, the Netherlands Contact: Amsterdam 
Thyroid Club, c/o W. M. Wiersinga, MD, Dept of 
Endocrinology, F5-258, Academic Med Ctr, Mei- 
bergdreef 9, 1105 AZ Amsterdam, the 
Netherlands 


Optics ‘91 Exhibition At: Singapore Dates: 
9/12/91 to 9/15/91 Contact: Jimmy Bong, 151 
Chin Swee Rd No. 03-04A, Manhattan House, 
Singapore 0316; Tel: 7329811; FA X: 7528661 

Bi-ann Octopus Users’ Mtg At: Bern, Switzer- 
land Dates: 9/5/91 to 9/7/91 Contact: Diana 


Stout, Interzeag Inc, 100 Otis St, Northboro, 
MA 01532; (508) 393-5726; FAX (508) 393-3601 


Announcing the 18th Annual 


FRONTIERS IN 
OPHTHALMOLOGY 


a continuing medical education 
seminar to be held 


at the famed 
Red Lion's La Posada Resort 
Scottsdale, Arizona 





Topics will include: 


* CATARACT * CORNEA GLAUCOMA 
* NEURO-OPHTHALMOLOGY 
* OCULOPLASTIC * RETINA-VITREOUS 


Sponsored by St. Lukes Medical Center, 
and Prentice Eye Institute, Phoenix 


Edward L. Shaw, M.D., Seminar Chairman 
Category 1 CM E Credit will be awarded 
Frontiers in Ophthalmology 
February 20, 21 & 22, 1992 


For pre-registration or request for information 














Name - ———e ——— = _ 
Address. ———— : — 

City —_ State —— —— — 
Zip E —= __Telephone ( i — 





Registration Fee $375 
If registering please fill out form and send with check If for information only 
please fill out and send either/or to 
Christine Campbell, Meeting Planner 
Frontiers in Ophthalmology 
1419 E. Divot Drive Tempe, Arizona 85283 
(602) 820-7027 
Make check payable to”St Lukes Medical Center 





February 20, 21 & 22, 1992 












Pacific Presbyterian Medical Center 
Department of Ophthalmology 


Join Dr. Hanley. 


“I think one of the greatest con- 
tributions of the AMA is its activities 
on behalf of the most vulnerable in 
our society, children. 

"The AMA adolescent health 
program is a great benefit to physi- 
cians who practice adolescent 
medicine and to policy-makers. But 
there is so much more that needs to 
be done. The AMA deals with the 
seemingly countless number of 
issues confronting medicine. And 
because it does, it gives me a great 
feeling of hope about the future. 

“I can't imagine what the state 
of medicine would be without the 
American Medical Association." 

Join Dr. Kay Hanley, 
Pediatrician, in the American 
Medical Association. Call this toll- 

free cla Th now. 


1 Join The AMA. 
-S00-AMA4Z11 
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presents 


Clinical Glaucoma in the 1990s 
Thematics & Pragmatics 





Friday 
Afternoon 
Symposium 





Saturday 
All Day 
Workshop 






For more information and 
brochure contact: 


September 27 and 28, 1991 


"Clinical Decisions for 
Glaucoma Management" 


"Glaucoma: Diagnostic & 
Therapeutic Mastery" 


Miyako Hotel, San Francisco 


Allan Kolker, M.D. 
Bernard Schwartz, M.D. 
Robert L. Stamper, M.D. 


M. Bruce Shields, M.D. and 
the Ophthalmology Faculty of 
Pacific Presbyterian 

$100 workshop fee 


Course Director: 


Marc F. Lieberman,M.D. 


Pacific Vision Foundation 
2340 Clay Street, Suite 124 
San Francisco, CA 94115 


(415) 923-3423 





CME credit - 9 hours, category 1 
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Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box 
, C/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 





Box 








CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 times 
or more* 
Cost per word $1.05 $ .95 


Minimum ad: 20 words per issue 


"In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered one 
word, each abbreviation is considered one word, 
and figures consisting of a dollar sign and five 
numerals or less are considered one word. 
Cities and states consisting of two words or 

. more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered one 
word and must appear in all ads. Telephone 
number with area code is considered one word. 
When box numbers are used for replies, the 
words "Box —— , c/o AOP" are to be counted as 
three words. 


Classified Display 1 Time 3 times 

or more* 
Full page $655 $603 
Two-thirds page 561 516 
One-half page 495 456 
One-third page 393 362 
One-sixth page 262 241 
Column inch 90 75 


Minimum display ad: one column inch 

12-time and 24-time rates available on request. 
Display Production Charge: The publication will 
pub-set advertisements upon request. The 
typesetting fee is 10% of the one-time ad cost 
shown above. Special requests will be billed to 
the advertiser and/or agency at the then 
prevailing rates. 


Box Service 


Available for all ads. The cost is $15.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 
directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
the closing date 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 
F 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 € 813-443-7666 


 ———————————————  ——á————s 


Professional Opportunities 


THE BENIGN ESSENTIAL BLEPHAROSPASM 
Research Foundation, Inc. has $100,000 available 
for blepharospasm/Meige research. Only research 
grants focused on finding a cause or cure for these 
conditions will be considered. The submission 
deadline is September 1, 1991. For more information 
and application forms, contact the Foundation at P.O. 
Box 12468, Beaumont, TX 77726-2468. 


RETINAL SPECIALIST 


Board-eligible/-certified retinal ophthalmologist to join our 
six-physician ophthalmic group practice. Our group 
practice is located 1'/ hours northwest of Philadelphia, 
Pennsylvania. Excellent medical community and family 
environment. Modern, well-equipped office with certified 


ancillary staff. The position offers excellent salary and 

fringe benefits with opportunity for partnership. Interested 

individuals should send curriculum vitae to: Mr. David L. 

O'Donnell, West Reading Ophthalmic Associates, 206 

South Sixth Avenue, West Reading, PA 19611. 
Telephone: (215) 378-1348. 





GENERAL OPHTHALMOLOGIST WANTED: Board- 
eligible or board-certified. Excellent opportunity to join 
a busy ophthalmologic practice consisting of one 
main office and several satellite offices. Area served 
includes approximately 150,000 people. Located in 
southeastern Pennsylvania approximately 1% hours 
from Philadelphia, and is mostly semi-rural. This 
opportunity offers excellent salary and benefits with 
the potential of partnership. Send curriculum vita to: 
Fred L. Dankmyer, MD, Box 220, Orwigsburg, PA 
17961. 


MAINE — Exceptional opportunity for BC/BE oph- 
thalmologist to join established ophthalmology 
practice in beautiful northern New England. Referral 
base 400,000 with 120,000 in immediate area. Wide 
ranging cultural, academic and recreational oppor- 
tunities. Modern, well equipped office adjoining 
growing medical center with extensive diagnostic 
and laboratory services. Association with opportunity 
for partnership. Send CV to: Jean H. Tibbetts, MD, 
Suite 230, 417 State Street, Bangor, ME 04401. 


PEDIATRIC OPHTHALMOLOGIST 


Second, full-time, academic pediatric ophthal- 
mologist needed for expanding department at 
children's hospital. BE/BC, fellowship trained. 
Clinical, research and teaching responsibilities. 
Position available immediately or will discuss 
starting date. Contact: David J. Schanzlin, MD, 
Chairman, Department of Ophthalmology, St. 
Louis University School of Medicine, Bethesda 
Eye Institute, 3655 Vista, St. Louis, MO 63110. 


















RETINA — Excellent opportunity for subspecialist to 
join dynamic high-volume medical/surgical practice 
in Pittsburgh, Pennsylvania. Several offices with 
extensive in-house equipment, including lasers. 
Outstanding referral base. Attractive salary. 
Partnership potential. Fellowship training in retina 
desirable. Contact: Kelly McMahon, Daniel Stern 
and Associates, Suite 240, 211 North Whitfield 
Street, Pittsburgh, PA 15206. (800) 438-2476 or 
(412) 363-9700. 


AUSTIN, MINNESOTA has an immediate need for 
an ophthalmologist to join a busy general practice. 
Associate with an established clinic in an attractive, 
mid-sized community of 23,000. First year guarantee 
plus generous incentives. Contact: Jerry Hess or Bill 
Tendle, LifeSpan, 800 East 28th Street, Minneapolis, 
MN 55407. (800) 248-4921. 





PLEASE NOTE - Address replies to box number 


ads as follows: Box number , C/o AOP, 


P.O. Box 1510, Clearwater, FL 34617. 














number in the ad. Example: 


Professional Opportunities 


VITREO-RETINAL SPECIALIST. Ophthalmology 
group practice in Wilmington, Delaware, thirty 
minutes from Philadelphia, seeks fellowship-trained 
vitreo-retinal specialist. Existing staff includes 
specialists in retina, oculoplastics and neuro- 
ophthalmology. Good referral base. Modern, well 
equipped office with friendly cohesive staff. Family 
oriented community. Excellent salary leading to 
partnership. Call Mary Ann O'Flynn at (302) 652- 
3353. Or send curriculum vitae to: Eye Physicians 
and Surgeons, P.A. at 1207 North Scott Street, 
Wilmington, DE 19806. 


OPHTHALMOLOGIST: GENERAL - Preferred vitreo- 
retinal. Leading New York City eye center, busy 
surgical practice, excellent salary and future. Fully 
equipped facility. P.O. Box 20M, 220 East 65th 
Street, New York City, NY 10001. 


SOLO PRACTICE — General ophthalmology. Profit- 
able high per capita income, west Texas. Modern 
office equipment, minor operating suite, microscope, 
ultra sound, micro surgical instruments. Two hospi- 
tals, good schools, college and university. High 
practice expansion potential in pediatrics and 
surgery. Box #635, c/o AOP. 








MEDICAL/GENERAL OPHTHALMOLOGIST or opto- 
metrist — Growing practice in Syracuse, New York 
area seeking associate with excellent personal and 
professional skills. Send CV and letter to: Box #645, 
c/o AOP. 






General 


OPHTHALMOLOGIST 





Marshfield Clinic, a large multi- 
specialty group, is seeking a Gen- 
eral Ophthalmologist to practice 
in ASHLAND, WISCONSIN. Qualified 
physician would be joining two full 
time Ophthalmologists performing 
full range of medical and surgical 
general ophthalmology. Support 
= Staff, equipped exam lanes, and 
... business office services will be pro- 

. vided. This opportunity provides a 
private practice setting with secu- 
rity in salary and fringe benefits 
associated with a group practice. 
Ashland is a community of 9,000 
located on the southern shores of 
Lake Superior in upstate Wisconsin. 
The area provides a variety of out- 
door recreational opportunities in 
four distinctive seasons. For more 
information, send CV to: 





























Dr. Thomas Stram 
1000 North Oak Avenue 
Marshfield, WI 54449 
or call: (715)387-5236 






Marshfield Cinic 
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4 MAA 


Faculty Positions 


MONTANA — OCULOPLASTIC: An expanding 
oculoplastic practice. 250,000 drawing area. Do 
general ophthalmology also. Join V/R surgeon/ 
general ophthalmologist and anterior segment 
surgeon. Salary and incentive leading to partnership. 
Attractive community nestled in a valley, with 
mountains nearby. Excellent facilities. Send CV and 
references: Charles Morledge, MD, 34 Heatherwood 
Lane, Billings, MT 59102. 





RETINA: Busy retina practice in the midwest seeks 
a vitreo-retinal surgeon. Fellowship required. 
Association leading to partnership. Send CV to: Box 
#646, c/o AOP. 


Ophthalmologist - New Hampshire 


If you are a motivated, self-starter 
willing to take the necessary risks to establish a 
lucrative, solo practice in a growing 

area of our state, join us. 


We might just have the right opportunity for you. 
Send replies to: Box #652, c/o AOP. 








RETINAL SPECIALIST: Marshfield Clinic wishes to 
recruit a BC/BE retina specialist with a primary 
interest in medical retina. The prospective physician 
would be joining a medical and a surgical retina 
specialist plus cornea, glaucoma, pediatric, and 
neuro-ophthalmology specialists and three general 
ophthalmologists. The Marshfield Clinic is a 350+ 
physician multi-specialty group practice serving 
central and northern Wisconsin as well as the Upper 
Peninsula of Michigan. Complete practice setup, 
support staff, and a full compliment of business office 
services are offered along with a competitive salary 
and excellent fringe benefits. This opportunity affords 
easy access to a wide variety of outdoor recreational 
activities, as well as safety and security for family 
living. For more information, send your CV, or 
contact: Gary Pesicka, MD, 1000 North Oak Avenue, 
Marshfield, WI 54449. Or call: (715) 387-5236. 


VITREO-RETINAL SURGEON to join two others in 
busy retina-only practice. Progressive community 
located 1% hours from New York City and Phila- 
delphia. Please respond to: Box #642, c/o AOP. 


PARTNER WANTED: Busy, established general 
ophthalmology practice in fully equipped new office 
with adjacent ambulatory surgical center and optical 
facility. Opportunity to become full partner in practice 
and building. Excellent cultural area, convenient to 
New York City and Philadelphia. Send CV: Box #648, 
c/o AOP. 


VITREO-RETINAL SURGEON - Southern New 
England practice limited to vitreo-retinal diseases 
seeks additional associate. Fellowship and board- 
certification required. Practice affiliated with medical 
school and residency teaching program. Send CV to: 
Box #650, c/o AOP. 


GENERAL OPHTHALMOLOGIST - Prestigious, 
well-established ophthalmology practice in Chicago 
and northern suburbs looking for associate to begin 
immediately. Fellowship training in plastics, medical 
retina or cornea are desirable but not mandatory. 
Potential to possible partnership. Salary negotiable. 
Contact: Box #649, c/o AOP. 














- Pésitions Wanted 


WELL-TRAINED, hard-working, experienced BC 
ophthalmologist desires to relocate, preferably in 
south or southwest. All types of practice considered. 
Box #651, c/o AOP: `~; 


*.. Positions Available 


RETINA SPECIALIST: Established multi-specialty 
ophthalmology group, located on central Florida's 
beautiful Gulf Coast, seeks fellowship-trained retina 
surgeon to build on established base. A caring well- 
trained staff, state-of-the-art equipment, and modern 
offices await the empathetic, motivated and confident 
person we are seeking. Some general ophthalmology 
required until practice is fully developed. Salary, 
incentive and partnership opportunity available at the 
end of two years. Send CV to: Box #647, c/o AOP. 


Positions Available 


MIDWEST RETINA PRACTICE in major metro- 
politan area seeks another associate. Excellent 
facilities with academic affiliation. Send resume in 
confidence to: Box #637, c/o AOP. 








Faculty Positions 


GLAUCOMA: The Department of Ophthalmology, 
University of California, San Francisco is searching 
for a board-certified ophthalmologist as a member of 
the Glaucoma Service and Glaucoma Research 
Program at UCSF. We are seeking a servor scientist/ 
clinician who is recognized as an authority with 
special expertise in glaucoma and related cell 
biology. Must have proven capability to obtain 
independent research grants and nationa! recognition 
as a consultant/authority in glaucoma. Will also be 
responsible for teaching of residents and fellows. 
Send CV, summary of research accomplishments/ 
plans, and names of three references by July 30, 
1991 to: Thelma de Souza, Ophthalmolegy, Univer- 
sity of California, San Francisco, 94143-0730. 
Women and minorities are encouraged to apply. 
EOE/AA. 


FACULTY POSITION AVAILABLE - Ophthal- 
mologist with subspecialty training in pediatrics is 
sought for full-time position available immediately in 
the Department of Ophthalmology, Loma Linda 
University, Loma Linda, California. Applicant qual- 
ifications include: Completion of approved residency 
in ophthalmology, completion of appropriate fellow- 
ship, ophthalmology board-certification, and be able 
to qualify for medical licensure in the state of 
California. Duties will include patient care, teaching 
residents, and research. Academic rank and salary 
will be commensurate with experience. We are an 
equal opportunity employer. Please forward CV to: 
David L. Wilkins, MD, Chairman, Department of 
Ophthalmology, Loma Linda University, 11370 
Anderson Street, Suite 1800, Loma Linda. CA 92354. 


ACADEMIC OPHTHALMOLOGISTS/Geneticists- 
Pediatric ophthalmologist, retina and vitreous 
surgeon. The University of Nebraska College of 
Medicine, Department of Ophthalmology, is seeking 
two full-time academic ophthalmologists. A strong 
commitment to resident, medical student teaching 
and research is essential. Requirements include 
completion of a satisfactory residency and American 
Board of Ophthalmology eligibility or certification. 
Must have documented prior teaching and research 
experience. Salary and rank commensurate with 
education and experience. Health Professions 
(tenure-leading) appointment contract with potential 
for renewal. Positions available immediately. Send 
curriculum vitae to: Michael E. Yablonski, MD, PhD, 
Professor and Chairman, Department of Oph- 
thalmology, University of Nebraska Medical Center, 
600 South 42nd Street, Omaha, NE 68198-5540. 
(402) 559-4276. FAX: (402) 559-5514. An equal 
opportunity/affirmative action employer. 


OCULOPLASTIC SURGERY - University of 
Maryland Medical Center. The Department of 
Ophthalmology is seeking a person who is fellowship 
trained in oculoplastic surgery to join us as an 
assistant professor. Clinical management of oculo- 
plastics patients, expertise in oculopiastics orbit 
surgery, clinical research, and academic teaching 
are vital components of this position. Candidate 
must be BC/BE. An affirmative action/equal 
opportunity employer. Send CV by August 30, 1991 
to: Vinod Lakhanpal, MD, Professor, Department of 
Ophthalmology, University of Maryland Medical 
Center, 22 South Greene Street, Baltimore, MD 
21201. 


NEURO-OPHTHALMOLOGIST - University of 
Maryland Medical Center. The Department of 
Ophthalmology is seeking a person who is fellowship 
trained in neuro-ophthalmology to join us as an 
assistant professor. Qualifications include a strong 
interest in teaching, research experience in clinical 
trials, and expertise in patient care. Candidate must 
be BC/BE in ophthalmology or neurology. An 
affirmative action/equal opportunity employer. Send 
CV or contact: Shalom E. Kelman, MD, Assistant 
Professor, Department of Ophthalmology, University 
of Maryland Medical Center, 22 South Greene 
Street, Baltimore, MD 21201. (301) 328-7261. 














Faculty Positions 


THE UNIVERSITY OF MICHIGAN, Department of 
Ophthalmology is seeking a faculty member (PhD) at 
the rank of assistant professor for the Fall of 1991. 
The area of specialization is retinal developmental 
neurobiology, studied at both the systems and 
cellular levels. The successful candidate will have a 
strong record of federally funding research, a record 
of scholarship demonstrating a national/interna- 
tional reputation in vision science, and experience 
teaching professional and graduate students. Candi- 
dates whose research complements that of current 
faculty members will be especially attractive. 
Responsibilities include managing the department's 
light/electron microscopy facility. Individuals 
interested in this position should submit their 
curriculum vitae and bibliography to: Paul R. Lichter, 
MD, F. Bruce Fralick, Professor and Chairman, 
Department of Ophthalmology, The University ot 
Michigan, W K Kellogg Eye Center, 1000 Wall 
Street, Ann Arbor, MI 48105. The University of 
Michigan is an equal opportunity and affirmative 
action employer and actively seeks diversity in its 
applicant pool. 


Fellowships 





NEURO-OPHTHALMOLOGY FELLOWSHIP avail- 
able for 1991-92, beginning July 1, 1991. Salary and 
benefits paid. Qualified candidates should respond 
with current CV to: B.K. Farris, MD, Dean A. McGee 
Eye Institute, University of Oklahoma HSC, Depart- 
ment of Ophthalmology, P.O. Box 26901, Oklahoma 
City, OK 73190-2008. 


CORNEAL FELLOWSHIP for 1992 — New York. 
Available for training in cornea, refractive surgery 
and contact lenses with involvement in surgery and 
research. Reply with CV to: Dr. Penny Asbell, The 
Mount Sinai School of Medicine, Box 1183, One 
Gustave L. Levy Place, New York, NY 10029-6574. 
Telephone: (212) 241-7977. An equal opportunity 
employer. 


FELLOWSHIP: CORNEA/External Disease Fellow- 
ship available July 1, 1992. Clinical and animal 
research required. Excimer laser available. Contact: 
Richard A. Eiferman, MD, University of Louisville, 
Department of Ophthalmology/Visual Sciences, 
Louisville, KY 40292. 








Practices Available 


PRACTICE FOR SALE - Established general oph- 
thalmology practice available in southern California, 
San Fernando Valley. Call: (818) 783-6536. 


FLORIDA GENERAL OPHTHALMOLOGY practice. 
Turn key operation. Seller wishes to retire after 
twenty years eye surgery/medicine in northeast 
Florida oceanside community. Box 4641, c/o AOP. 











Medical Equipment/Supplies 


NEW DIODE LASER POINTER - Ultra small; 6 x 5 / 
8x3/4;3 0z.; 2-AAA batteries last five hours; soft 
case with pocket clip: $199. LaserMed, 810 Office 
Park Circle, 4102, Lewisville, TX 75057. (214) 420- 
8611. 


TOPCON PROJECTION PERIMETER Model SBP- 
11, with table. Good condition. $2,495. Contact Sal 
at Darrell F. Smith, MD, (415) 461-9660, Greenbrae, 
CA 94904. 
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Pred Fo rte® (prednisolone acetate) 1.0% 


sterile ophthalmic suspension 


INDICATIONS AND USAGE: Pred Forte is indicated for the 
treatment of steroid responsive inflammation of the palpebral 
and bulbar conjunctiva, cornea. and anterior segment of the 
globe. CONTRAINDICATIONS: Pred Forte is contraindicated in 
acute untreated purulent ocular infections, acute superficial 
herpes simplex (dendritic keratitis), vaccinia, varicella and most 
other viral diseases of the cornea and conjunctiva, ocular 
tuberculosis, and fungal diseases of the eye. It is also 
contraindicated for individuals sensitive to any components of 
the formulation. WARNINGS: In those diseases causing thinning 
of the cornea, perforation has been reported with the use of 
topical steroids. Since Pred Forte contains no antimicrobial, if 
infection is present, appropriate measures must be taken to 
counteract the organisms involved. Acute purulent infections of 
the eye may be masked or enhanced by the use of topical 
Steroids. Use of steroid medication in the presence of stromal 
herpes simplex requires caution and should be followed by 
frequent mandatory slit-lamp microscopy. As fungal infections 
of the cornea have been reported coincidentally with long-term 
local steroid applications, fungal invasion may be suspected in 
any persistent corneal ulceration where a steroid has been used, 
or is in use. Use of topical corticosteroids may cause increased 
intraocular pressure in certain individuals. This may result in 
damage to the optic nerve, with defects in the visual fields. It is 
advisable that the intraocular pressure be checked frequently. 
Posterior subcapsular cataract formation has been reported 
after heavy or protracted use of topical ophthalmic 
corticosteroids. Contains sodium bisulfite, a sulfite that may 
cause allergic-type reactions, including anaphylactic symptoms 
and life-threatening or less severe asthmatic episodes in certain 
susceptible people. The overall prevalence of sulfite sensitivity 
in the general population is unknown and probably low. Sulfite 
sensitivity is seen more frequently in asthmatic than in 
nonasthmatic people. PRECAUTIONS: General: Patients with 
histories of herpes simplex keratitis should be treated with 
caution. Carcinogenesis, mutagenesis, impairment of fertility: 
No studies have been conducted in animals or in humans to 
evaluate the potential of these effects. Pregnancy Category C: 
Prednisolone has been shown to be teratogenic in mice when 
given in doses 1-10 times the human dose. There are no 
adequate well-controlled studies in pregnant women. 
Prednisolone should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 
Dexamethasone, hydrocortisone and prednisolone were ocularly 
applied to both eyes of pregnant mice five times per day on days 
10 through 13 of gestation. A significant increase in the 
incidence of cleft palate was observed in the fetuses of the 
treated mice. Nursing Mothers: It is not known whether topical 
administration of corticosteroids could result in sufficient 
systemic absorption to produce detectable quantities in breast 
milk. Systemically administered corticosteroids are secreted 
into breast milk in quantities not likely to have a deleterious 
effect on the infant. Nevertheless, caution should be exercised 
when topical corticosteroids are administered to a nursing 
woman. Pediatric Use: Safety and effectiveness in children have 
not been established. ADVERSE REACTIONS: Adverse reactions 
include increased intraocular pressure, which may be associated 
with optic nerve damage and defects in the visual fields: 
posterior subcapsular cataract formation; secondary ocular 
infections from fungi or viruses liberated from ocular tissues; 
and perforation of the globe when used in conditions where 
there is thinning of the cornea or sclera. Systemic side effects 
may occur rarely with extensive use of topical steroids. 
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Allergan Pharmaceuticals, A Division of Allergan, Inc., 
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Reach jor the “gold standard” 
in severe ocular 
inflammation therapy. 


Pred Forte’ 


(prednisolone acetate) 125. 
sterile ophthalmic suspension 


Specify “Brand Medically Necessary." 


Pred Forte is contraindicated in acute superficial herpes simplex keratitis; fungal diseases of 
the ocular structures; vaccinia, varicella and most other viral diseases of the cornea and 
conjunctiva; tuberculosis of the eye; and hypersensitivity to any component of this 
medication. Since this product does not contain an antimicrobial, if infection is present, 
appropriate measures must be taken to counteract the organism involved. 

Please see adjacent page for brief prescribing information. 


= ALLERGAN PHARMACEUTICALS Allergan Pharmaceuticals. A Division of Allergan, Inc., Irvine, CA 92713 


© 1991 Allergan, Inc. 
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Endogenous Candida Endophthalmitis After 


Intravenous Anesthesia With Propofol 
M. J. Daily, J. B. Dickey, K. H. Packo 


National Outcomes of Cataract Extraction: 


Endophthalmitis Following Inpatient Surgery 
J. C. Javitt, S. Vitale, J. K. Canner, D. A. Street, H. Krakauer, A. M. McBean, A. Sommer 


Relationship Between Intraocular Pressure and Primary Open Angle 
Glaucoma Among White and Black Americans: 


The Baltimore Eye Survey 


A. Sommer, J. M. Tielsch, J. Katz, H. A. Quigley, J. D. Gottsch, J. Javitt, K. Singh 
and the Baltimore Eye Survey Research Group 


Exercise Training Reduces Intraocular Pressure 


Among Subjects Suspected of Having Glaucoma 
M. S. Passo, L. Goldberg, D. L. Elliot, E. M. Van Buskirk 


Argon Laser Photocoagulation for Neovascular Maculopathy: 


Five-Year Results From Randomized Clinical Trials | ~ 
Macular Photocoagulation Study Group » e 


Modulation of Corneal Wound Healing After Excimer Laser | d d 


Keratomileusis Using Topical Mitomycin C and Steroids gus 
J. H. Talamo, S. Gollamudi, W*R. Green, Z. De La Cruz, V. Filatov, W. J. Stark * f; Os 
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en you ask for a strong profile 
in a beta-blocker, we follow — 
our instructions to the letter. | 





 Betoptic $^ 


Sterile Ophthalmic 

(Det ax dll HCI) Suspension, 0.25% 

be POAG and re hypertensive 
patients where treatment is indicated 


The S is for Strength 


Strength of drug Strength of improved 
. delivery comfort 








e Patented technology slows release and e Active drug is released more slowly to se d 
increases retention of drug in the eye the cornea, resulting in improved poc0 M 
e The amount of betaxolol delivered to patient comfort i ; ae 3 
the aqueous humor by the 0.2596 sus- x, - 


0.596 solution 


e Efficacy equivalent to 0.5% solution has safety 


been demonstrated in clinical trials » Offers the safety advantages of a selec- 
tive ocular beta-blocker 


e Does not significantly compromise heart EU 
rate or pulmonary function x 


€ CNS side effects are rarely reported p f 


pension is equal to that delivered by the Stn SOLTCRSUT th of. beta- I" E 





Polymer prone resin 
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Artist's interpretation of 
BETO (betaxolol HCI) 
Sterile oie 
‘eigen Au 


chnology 
Sodium ions in the tear film 
displace betaxolol molecules 
from the delivery matrix, slowly 
freeing them to be absorbed 
through the corneal tissue, 
improving comfort. BETOPTIC S 
remains in the eye longer, allow- 
ing equivalent bioavailability 
between the 0.25% suspension 
and 0.5% solution. 





*Beta-1 selectivity is not absolute. 






BETOPTIC® S Sterile Ophthalmic Suspension has produced minimal Contraindicated in patients with sinus bradycardia, greater thana 
effects in patients with reactive airway disease; exercise caution in first degree atrioventricular block, cardiogenic shock, overt cardiac 
treating patients with excessive restriction of pulmonary function. failure, or hypersensitivity to any component of this product. Use 
Asthmatic attacks and pulmonary distress have been reported during caution in treating patients with a history of cardiac failure, heart 
betaxolol treatment. Although rechallenges of some such patients block, and patients receiving adrenergic psychotropic drugs or 
with ophthalmic betaxolol have not adversely affected pulmonary catecholamine-depleting drugs such as reserpine. Observe patients 
function test results, the possibility of adverse pulmonary effects in receiving an oral beta-blocker and BETOPTIC® S suspension for pose 
patients sensitive to beta-blockers cannot be ruled out. sible additive effect on known systemic effects of beta-blockac 
" 
^. s 5' PRAS ; 
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AANA S (betaxolol HCI) 0.25% as base Sterile Ophthalmic Suspension Stat! 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
` effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
T glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
- pressure lowering medications. 
2) CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
bur Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
ed atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 
727 WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 





ea same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
ad I occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
; including death due to bronchospasm in patients with asthma, and rarely death in association with 
Ex cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
E BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
: blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
b failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be \ 


discontinued at the first signs of cardiac failure. 
"X PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
| with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
- blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
: withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
c Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
a consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 





e adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
$ treatment of glaucoma patients with excessive restriction of pulmonary function. There have been Current. Complete. Accurate. 
b: reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although The data source of choice 
e rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
E. function test results, e ise n adverse pulmonary effects in patients sensitive to beta blockers for writers and publishers, 
d cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
3 orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive researchers and analysts, 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close planners and policy makers 
$ observation of the patient is recommended when a beta blocker is administered to patients receiving 4 
i catecholamine-depleting drugs such as reserpine, because of possible additive effects and the product managers and marketers. 
r production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 
d caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 
E patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by » 
e" constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When = t T ay a à ; 
P BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce oa intraocular pressure in angle- P hysician Characteristics and Distribution in the U.S. 
fs- closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, . : , 
Fu. Impairment of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral BIVCS you immediate access to data from the most 
E. doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HC! demonstrated no i 1 s 
tb carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and complete and accurate information SOUICC On all physi 
E mammalian cell assays, betaxolol HC! was nonmutagenic. Pregnancy: Pregnancy Category C. cians in the country rim: 
Y Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
P Ed n HCI in rats and rabbits. There was evidence of drug related postimplantation 
A oss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolol HCI was @ 1 ivi i 1 1 e 
Ps not shown to be teratogenic, however, and there were no other adverse effects on reproduction at Specialty and activity distributions by age and Sex 
de subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. General and subspecialty categories e Physician-popula- 
E = BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to . . . : -p . 
fe. the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because tion ratios by specialty " Specialty Board certification 
D many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic icti icti 1 
p Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in statistics e Statistics on medical gr aduates by school, year, 
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Silicone Intraocular Lens Implant Discoloration 
in Humans 


To the Editor.—In response to Milauskas letter’ pertaining to 
discoloration of certain silicone lenses including some manu- 
factured by IOLAB Corp, Claremont, Calif, IOLAB sur- 
veyed all of the IOLAB investigators whose patients under- 
went intraocular lens (IOL) implantation of lenses 
manufactured in the same time frame as those reported by 
Milauskas. None of these investigators identified discolor- 
ation of the IOLAB silicone lenses. 

Ongoing stability tests of intraocular lenses heated to 45°C 
are being conducted by IOLAB. After 14 months at this 
temperature, there is no discernible discoloration. This would 
be equivalent to approximately 2.5 years at the temperature 
to which the lens is exposed in the eye. 

We reviewed our material use and process for manufactur- 
ing silicone lenses and did not find any changes that might 
account for a sporadic discoloration among Milauskas’ 
patients. 

To date, we have seen one patient at Milauskas’ office. 
Using slit-lamp examination, there was an almost impercepti- 
ble, unidentifiable imperfection at the periphery ofthe lens. 

We have made arrangements with Milauskas to have 
Richard Keates, MD, examine the patients reported to have 
experienced lens discoloration. 


MELVIN Nimoy, MS 
Claremont, Calif 


The author is vice president of regulatory affairs and quality assurance at 
IOLAB Corp, Claremont, Calif. 


1. Milauskas AT. Silicone intraocular lens implant discoloration in humans. 
Arch Ophthalmol. 1991;109:913. 


In Reply.—In response to Mr Nimoy’s letter, the fundamen- 
tal problem to be addressed is that some IOLAB silicone IOLs 
turn brown in human eyes. It is inconsequential that the IOLs 
do not turn brown in an in vitro situation of being heated to 
45°C for 14 months. The analogy is similar to comparing 
apples with oranges. 

It is obvious that there must be some defect in either the 
material or manufacturing process that causes some silicone 
IOLs to discolor to various degrees in the human eye. This 
problem will only be solved by very intense research and not 
by speculation or insinuation that this finding is insignificant. 

Contrary to Mr Nimoy’s response that the patient exam- 
ined had “an almost imperceptible, unidentifiable imperfec- 
tion at the periphery of the lens,” this patient was examined 
by no less than five observers, all of whom concurred that the 
IOL was indeed brown. It is similar in color to the IOLAB lens 
shown in the Figure in our first letter.’ 

I know the clinical and research departments of IOLAB are 
concerned and are working diligently to try to solve this 
problem. I will lend all the expertise that I can, as I have in the 
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past, to all involved parties for an early resolution of this 
situation. 


ALBERT T. MiLAUSKAS, MD 
Palm Springs, Calif 


1. Milauskas AT. Silicone intraocular lens implant discoloration in humans. 
Arch Ophthalmol. 1991;109:913. 


Vitrectomy for Prevention of Macular Hole Study 


To the Editor. —I read with interest the letter and reply by 
Gass’ and Trempe,” respectively, on the risk of developing a 
macular hole. In discussing vitrectomy for early stages of! 
macular holes, Trempe states, *. . . this subject is in urgent 
need of a randomized study. Such a study would be greatly 
enhanced if Dr Gass were involved in its planning." I would 
like to remind Trempe and the readers of the ARCHIVES that 
such a study is under way, with Gass to serve as a consultant, 
as discussed in an editorial in the ARCHIVES." Contrary to 
some pervasive ideas, I believe that, at this time, there is no 
evidence whatsoever that vitreous surgery is beneficial in 
preventing macular holes. I encourage ophthalmologists to 
refer appropriate patients to participating centers, where 
study patients with symptomatic fellow eyes with stage 1 
macular holes are randomized to undergo vitrectomy vs ob- 
servation." Only by accumulating sufficient information 
through a collaborative effort can we hope to obtain an answer 
to the question of vitrectomy for prevention of macular holes. 


SERGE DE Bustros, MD 
Chicago, Ill 
1. Gass JDM. Risk of developing macular hole. Arch Ophthalmol. 
1991;109:610-611. 
2. Trempe CL. In reply to: Gass JDM. Risk of developing macular hole. Arch 
Ophthalmol. 1991;109:611-612. 
3. de Bustros S. Early stages of macular holes: to treat or not to treat. Arch 
Ophthalmol. 1990;108:1085-1086. e 
4. de Bustros S. Vitreous surgery for macular holes and related diseases. In: 
Ai E and Freeman WR, eds. Ophthalmology Clinics of North America. Phila- 
delphia, Pa: WB Saunders Co; 1990;3:487-494. 


Risk to the Treating Ophthalmologist 
When Using the Laser 


To the Editor.— Laser energy may be reflected back into the 
eyes of the treating ophthalmologist secondary to the filters 
falling off the shutter mechanism. During the last 2 years at 
our institution, two incidents have occurred in which the 
protective filters mounted onto the shutter of our argon/kryp- 
ton laser fell off the shutter during treatment (Figure). 

A laser (Model 41AK) was purchased by our institution in 
June 1982 and was involved in both instances. On our laser, 
the filter for each eye is individually glued onto the shutter. 
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Shutter mechanism with a missing filter (arrow). To the left is the filter 
that fell off the shutter (asterisk). 


Apparently, the glue did not maintain its bond over time, and 
one of the filters fell off the shutter. If the filters are mounted 
onto the shutter with glue only and not reinforced by some 
other mechanical means, the risk of the filters dislodging 
appears to be increased. An incident somewhat similar to ours 
has been reported with a Coherent Radiation laser, argon 
model 800 (Coherent, Palo Alto, Calif).' 

The Model 41A K laser has been serviced through an annual 
maintenance contract with Alcon, formerly CooperVision. 
The first incident involved a patient undergoing panretinal 
photocoagulation with argon blue-green laser. More than 400 
laser burns had been applied when the ophthalmologist no- 
ticed that the intensity of the light reaching his eyes from the 
laser had markedly increased. Because the ophthalmologist 
was experiencing discomfort in his eyes from the intense light 
reflections, the procedure was terminated. On removing the 
oculars from the laser, it was noted that the protective shut- 
ter came into position, but the filter in the right shutter 
assembly was missing. 

CooperVision was informed of this incident. Based on the 
equipment settings that were used during treatment, Coo- 
perVision modified the oculars on a Model 41AK to accept a 
power meter that measures reflected energy from a thera- 
peutie beam on a reflective surface back through the slit lamp 
to the oculars. With a power setting of 440 mW, a 500-jum spot 
size, and continuous-wave mode, CooperVision estimated a 
maximum reflected energy of approximately 60 pW. The 
company believed that this level of energy was appreciably 
less than the power available in the aiming beam supplied in 
the Model 41AK. According,to Cooper Vision, both'the maxi- 
mum measurable reflected energy (60 uW) and the maximum 
energy available via the aiming beam (1000 uW) are within 
the Food and Drug Administrations Class 2 laser energy 
designation for medical lasers. 

CooperVision felt confident that the ophthalmologist was 
not exposed to an unsafe amount of argon laser energy during 
the event reported. They assured us that reasonable precau- 
tions were taken in the design ofthe Model 41A K to avoid such 
occurrences. 

The second incident involving the same laser occurred al- 
most 2 years after the first incident. The ophthalmologist was 
performing panretinal photocoagulation using argon blue- 
green laser. The ophthalmologist stated that the laser ap- 
peared to be operating normally until about the 65th applica- 
tion when he noticed a new bright flash. The ophthalmologist 
proceeded to make another four or five applications until he 
realized that something was wrong. The laser was put on 
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standby, and the oculars were removed. It was noted that the 
filter in the left shutter assembly was missing. Of interest, the 
laser had been serviced one day before the second incident. 
Alcon Surgical, which had been servicing the laser, declined 
to comment on the situation. It is not known how frequently 
the shutters had been checked by the servicing company. 

On some lasers, a magnet is attached to the shutter. When 
the shutter goes into position for firing the laser, a magnet 
operates a reed relay that opens the interlock and allows the 
laser to fire. In one of our incidents, in addition to the filter 
falling off, the magnet became dislodged from the shutter and 
attached itself to the reed relay. If the magnet becomes 
dislodged from the shutter and attaches to the reed relay, the 
laser interprets this as the shutter being in position for the 
laser to fire, even though the shutter may not be in position. 
Some designs do not rely on a magnet to operate the reed 
relay. Instead, they rely on the shutter interrupting a light 
beam to a photocell. 

Unless ophthalmologists are aware of this potential risk, 
they may continue treatment and be exposed to reflected 
laser energy. When the filter is not in place, the ophthalmolo- 
gist notices that the light intensity from the laser is much 
more intense than normal. This may be attributed at first to a 
reflection off the contact lens from the aiming beam. If the 
ophthalmologist does notice an increase in light intensity 
during laser treatment, the treatment should be stopped. The 
shutter mechanism should be examined to make sure that the 
protective filters are in place. 

RICHARD W. ALLINSON, MD 
EDMOND H. THALL, MD 
MICHAEL STANKO, MD 
Tucson, Ariz 


The authors certify that they have no affiliation or financial involvement in the 
subject matter or materials discussed in this letter. 


1. Walsh JB, Wright BE. Filter failure. Am J Ophthalmol. 1980;89:877-878. 


Posterior Precortical Vitreous Pocket 


To the Editor.—In the July 1990 issue of the ARCHIVES, an 
interesting article appeared on a posterior precortical vitre- 
ous pocket (PPVP).' The article describes an intravitreal, 
premacularly located structure that, in the authors’ words, 
"seemed to be analogous to the bursa premacularis." I discov- 
ered the bursa premacularis* in 1970. According to the au- 
thors, important differences exist between the bursa prema- 
eularis and the PPVP: the PPVP is not a sack; the PPVP is 
lined by the posterior hyaloid membrane posteriorly, but the 
anterior extent is delineated by the vitreous gel; and the 
bursa is not necessarily confined to the macula. 


See also pp 1059 and 1060. 


Therefore, the authors deemed it necessary to give this 
structure a new name. 

In their article, the authors have confirmed the existence of 
a premacularly located intravitreal space, that in their — and 
my —opinion has important implications for macular function 
and pathologie changes. I greatly appreciate this support of 
my theory. However, I believe that there is no reason to 
rename a structure that has already been described. In doing 
so, the authors are creating unnecessary confusion in the 
literature. 

Kishi and Shimizu described a closed space in front of the 
macula, but I described a similar structure that was connect- 
ed to the anterior vitreous by a channel (the ciliobursal chan- 
nel). Recent observations show that this channel spirals for- 
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ward and ends near the ciliary body (Figure). The authors 
failure to observe this channel is probably caused by the fact 
that they used vertically bisected specimens, while I used 
whole specimens. It is nearly impossible to observe a spiraling 
structure (the ciliobursal channel) in a vertically bisected 
specimen. I hope that priority will be given to an earlier 
observation made in a whole specimen rather than to a later 
observation based on a bisected specimen, since the latter will 
reveal only part of the truth. The authors also failed to ob- 
serve a progressive thinning of the posterior hyaloid toward 
the foveola. 

The authors observed that the PPVP may not be limited to 
the premacular area. I agree with this observation to the 
extent that, because of age-related changes, distention of the 
bursa premacularis will occur as part of the total liquefaction 
of the vitreous body. It is because of these age-related 
changes in the anatomy of the vitreous body that I originally 
described the anatomy ofthe vitreous body in a young adult in 
whom no age-related changes to the vitreous body would have 
occurred.* 

I hope that this letter will result in a general use of the name 
bursa premacularis in future publications. 


JAN G. F. Wonsr, MD 
Haren, Holland 


l. Kishi S, Shimizu K. Posterior precortical vitreous pocket. Arch Ophthal- 
mol. 1990;108:979-982. 

2. Worst JGF. The bursa intravitrealis premacularis: new developments in 
ophthalmology. In: Documenta Ophthalmologiea Proceeding Series; October 
13-16, 1975; Nijmegen, the Netherlands. 1976:275-279. 

3. Worst JGF. Cisternal systems of the fully developed vitreous body in the 
young adult. Trans Ophthalmol Soc U K. 1977;97:550-554. 


To the Editor. — Kishi and Shimizu’ reported the existence of a 
“posterior precortical vitreous pocket" in human eyes that 
they propose represents “a new anatomical and functional 
concept." Eighty (9596) of the 84 eyes studied were of individ- 
uals aged 65 years or older, yet the authors make little refer- 
ence to the possible effects of aging on the appearance of the 
eyes, and indeed, on the very existence of this pocket. 
Worst"? has reported similar findings, although his de- 
scriptions differed qualitatively. It is important to emphasize 
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Top left, Dark-field slit illumination of human vitreous (posterior pole at. 
bottom) with extrusion via the premacular vitreous cortex (large and to 
the left). Top right, lower left, and lower right, Artist's rendition of 
posterior vitreous detachment with persistent vitreous attachment to 
macula (from Sebag’). The premacular “hole” is actually larger than 
depicted in these drawings. 


that the findings of Kishi and Shimizu do not constitute a new 
anatomic structure, but rather a manifestation of vitreous 
degeneration with age. Substantial liquefaction of the vitre- 
ous and formation of pockets of liquid vitreous occur with 
aging." This process actually begins early in life,” which ex- 
plains its occurrence in a child.’ Liquefaction begins in the 
premacular vitreous, which explains the location of “pocket” 
Kishi and Shimizu have studied. 





See also pp 1058 and 1060. 





Kishi and Shimizu confirmed my findings’ of a round defect 
in the premacular vitreous cortex. The vitreous cortex is 
thinner here than elsewhere in the fundus, and vitreoretinal 
adhesion at this site is strong. Thus, in experiments involving 
peeling of the retina from the vitreous,’ the premacular vitre- 
ous cortex could have been remqyed, with the hole appearing 
as an artifact. In some clinical cases, however, partial posteri- 
or vitreous detachment with persistent attachment at the 
macula creates this hole in vivo. Kishi and Shimizu found this 
to be the case in 10 (27.8%) of 36 patients with posterior 
vitreous detachment. The vitreous can pass through this 
round defect in the vitreous cortex and traverse the retrohya- 
loid space to insert into the macula (Figure). In 1969, Jaf- 
fer" proposed that such herniation with persistent at- 
tachment to the macula could contribute to cystoid macular 
edema. I have described that, in this setting, the vitreous 
fibers that insert into the premacular vitreous cortex can 
exert anteroposterior traction. However, I was misquoted by 
Kishi and Shimizu as stating that the fibers induce tractional 
force directly to the fovea. As I stated in the original and 
subsequent publications,” vitreous fibers insert into the vitre- 
ous cortex overlying the macula. Because the cortex is thin at 
this site, traction could be easily transmitted to the retina via 
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the extracellular matrix bonding the posterior vitreous cor- 
tex to the internal limiting lamina of the retina. 

The resultant vector of such traction could be anteroposter- 
ior (eg, opercular macular holes) or tangential (eg, nonopercu- 
lar, potentially reversible macular holes). It is important to 
distinguish between the two because successful surgical peel- 
ing of the posterior vitreous cortex (with regard to visual 
outcome) depends on appropriate case selection. 


J. SEBAG, MD 
Huntington Beach, Calif 


1. Kishi S, Shimizu K. Posterior precortical vitreous pocket. Arch Ophthal- 
mol. 1990;108:979-982. 

2. Sebag J. The Vitreous: Structure, Function and Pathobiology. New 
York, NY: Springer-Verlag NY Ine; 1989:2-4, 133-134. 

3. Sebag J. Age-related changes in human vitreous structure. Graefes Arch 
Clin Exp Ophthalmol. 1987;225:89-93. 


In Reply. — We concur with Dr Sebag's view that the PPVP 
reflects age-related vitreous liquefaction that starts in the 
premacular region. Still, the morphologie characteristies of 
the PPVP are so specific in shape and location that it is 
inappropriate to identify it as simply a result of premacular 
vitreous liquefaction. 

We observed an oval defect in the premacular vitreous 
cortex only in eyes with posterior vitreous detachment. The 
vitreous gel may herniate through this hole into the retrohya- 
loid space. This feature is frequently seen even in vivo. The 
anterioposteriorly arrayed vitreous fibers seem to run to- 
ward the posterior pole but with ill-defined termination. The 
vitreous gel is separated from the cortex by the intervening 
PPVP at the macula before posterior vitreous detachment 
begins. Therefore, we do not believe that the vitreous fibers 
passing through the defect are anchored to the premacular 
vitreous cortex and exert traction to the macula. 


See also pp 1058 and 1059. 


We agree with Dr Worst that the premacular vitreous has a 
fluid-filled space. According to Dr Worst, the bursa premacu- 
laris seems to be a sack. However, the PPVP is not enclosed 
by a membrane. To cite his words, “the premacular bursa 
detaches intact from the patelliform part of the vitreous 
membrane.” 

The anatomic relationship between the posterior wall of the 
space and the retina is the most essential aspect of this 
structure because of its potential roles in various vitreoretinal 
interface disorders affecting the macular area. The PPVP 
differs fundamentally from the bursa premacularis in these 
aspects. 

According to Dr Worst, “The lenticular space between the 
thin internal limiting membrane of the macula and the convex 
posterior vitreous membrane (the pars patelliformis) is called 
the subbursal premacular space. . . . It is a universally pre- 
sent and most essential part of the vitreous membrane in front 
of the macula. . . . The very center of the premacular bursa 
adheres strongly to the convex central part of the vitreous 
membrane.” 

We cannot concur with his description of the premacular 
vitreous cortex being separated anteriorly from the retinal 
surface in a convex fashion. Both at autopsy and in living eyes, 
the premacular cortical vitreous is apt to be attached to the 
retina, particularly at the fovea, even after peripheral vitre- 
ous detachment.” We believe that this strong vitreoretinal 
adhesion at the fovea is a key factor in the pathogenesis of an 
idiopathic macular hole. 
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We assume that these discrepancies may have been caused 
by different approaches to examining the vitreous. The india 
ink poured into the vitreous “cistern” seems to stain and 
cover the surface of the formed vitreous or cortical vitreous 
that surrounds the space. The covering layer of ink particles 
sometimes appears to be amembrane that encloses the space. 
Ink particles do not seem to penetrate the formed vitreous. 
Thus, this method has inherent limitations as a tool to explore 
the surrounding tissue of the space. 

Our fluorescein staining procedure allows visualization of 
the formed vitreous that borders the space. This led to the 
realization that the posterior wall of the PPVP is the cortical 
vitreous itself and the PPV P’s anterior wall the formed vitre- 
ous. 

We respect Dr Worst for first describing the premacular 
liquefied space. We propose the term posterior precortical 
vitreous pocket to avoid the too numerous anatomic defini- 
tions and clinical implications ascribed to bursa premacularis 
to which we cannot agree. Our article and comments should 
clarify the basic differences between his interpretations and 
ours of this interesting structure. 


SHoJI Kisur, MD 
KOICHI SHIMIZU, MD 
Maebashi, Japan 


1. Worst JGR. Extracapsular surgery in lens implantation, IV: some ana- 
tomical and pathophysiological implications. J Am Intraocul Implant Soc. 
1978;9:7-14. 

2. Kishi 5, Demaria C, Shimizu K. Vitreous cortex remnants at the fovea 
after spontaneous vitreous detachment. Int Ophthalmol. 1986;9:253-260. 

3. Worst JGF. Cisternal systems of the fully developed vitreous body in the 
young adult. Trans Ophthalmol Soc U K. 1977;97:550-554. 


Endophthalmitis Vitrectomy Study 


To the Editor.—We wish to comment on the recent editorial 
by Doft' concerning the Endophthalmitis Vitrectomy Study 
(EVS). 

We are concerned that the choice of initial intravenous 
antibioties (ie, ceftazidime and amikacin) may not be the 
optimal choice for the systemic treatment of endophthalmitis. 
It is well recognized by retinal specialists that coagulase- 
negative staphylococci are a common cause of endophthalmi- 
tis, particularly following cataract surgery. In our communi- 
ty, there has been an increasing incidence of resistant 
coagulase-negative staphylococci. Vancomycin has proved to 
be most efficacious in the treatment of these organisms and is 
uniformly advised for intraocular injections in the treatment 
of acute endophthalmitis. We also believe that vancomycin 
should be used systemically since many of the coagulase- 
negative staphylococci isolated in our community have been 
resistant to the cephalosporins and aminoglycosides. 

We currently use intravenous vancomycin along with one of 
the third-generation cephalosporins (usually cefotaxime or 
ceftazidime) for systemic treatment of endophthalmitis. (In- 
traocular and topical vancomycin and amikacin are also ad- 
ministered.) This combination of drugs provides excellent 
coverage for gram-positive and gram-negative organisms 
(both aerobic and anaerobic). Once cultures obtained from 
patients become positive, the intravenous antibiotics are al- 
tered according to the sensitivity of the organisms isolated. 

Vancomycin levels can be checked frequently and main- 
tained in a therapeutic range. This usually prevents the devel- 
opment of renal toxic effects. Kidney function is monitored 
during intravenous antibiotic therapy. 

We believe that the intravenous antibiotics chosen for the 
EVS may offer less than optimal coverage of coagulase-nega- 
tive staphylococci (and, incidentally, anaerobic organisms). 
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We would like to know why the particular antibiotics ceftazi- 

dime and amikacin were chosen for initial intravenous use. 
Marx H. Haimann, MD 
HAROLD WEiss, MD 
JOEL A. MILLER, MD 
Southfield, Mich 


1. Doft BH. The Endophthalmitis Vitrectomy Study. Arch Ophthalmol. 
1991;109:487-488. 


In Reply.—We thank Drs Haimann, Weiss, and Miller for 
their interest in the reasons for specific antibiotic choices in 
the Endophthalmitis Vitrectomy Study (EVS). Several con- 
siderations are important in choosing antimicrobial agents for 
endophthalmitis. To select the drugs for intravitreal adminis- 
tration, one must weigh the toxicity of the drug in the eye, the 
ability to achieve bactericidal levels, the antibacterial spec- 
trum, and the drug’s half-life. However, for systemically 
administered antibiotics, one must also consider the systemic 
toxicity of the drug and the degree to which it penetrates into 
the vitreous cavity. Even when the antibacterial spectrum is 
excellent, if a drug administered systemically does not pene- 
trate the vitreous cavity it will be of little benefit in treating 
endophthalmitis. 

There is currently broad consensus that the intravitreal 
drugs of choice in the initial treatment of postsurgical en- 
dophthalmitis should be amikacin and vancomycin. Amikacin 
provides a broad spectrum extending to gram-negative bacilli 
as well as Staphylococcus awreus, and it is less toxic to the 
retina than other aminoglycosides. Vancomycin is effective 
against gram-positive organisms, especially against methicil- 
lin-resistant staphylococci and streptococci. 

Because of this excellent spectrum, the EVS would ideally 
have liked to use the same two drugs for intravenous (IV) 
administration. Indeed, amikacin was selected. Aminoglyco- 
sides penetrate the vitreous cavity reasonably well after 
continued dosing. After sustained systemic administration in 
rabbits, vitreal concentrations were 25% to 42% of mean 
serum concentrations.’ Moreover, aminoglycosides are com- 
monly used systemically in patients with endophthalmitis. In 
case the results of the EVS (which randomizes patients to 
receive or not receive systemically administered antibiotics) 
show that systemic antibiotics are of no benefit, we wish to 
avoid the criticism that we had omitted an important and 
commonly used component of systemic treatment. 

Vancomycin, however, was not chosen as the second IV 
drug for several reasons. Most important, the vitreal pene- 
tration of vancomycin when administered systemically is very 
poor. In one animal study,” systemic administration produced 
peak serum concentrations of 19 mg/L but no detectable levels 
in the vitreous. In another study,’ IV administration achieved 
serum levels of 120 mg/L (a concentration several times high- 
er than would be acceptable in humans) and aqueous levels of 
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5 mg/L, but again no detectable levels in the vitreous. Second, 
vancomycin has a long vitreal half-life (22 to 38 hours in 
rabbits) so that the intravitreal injection alone should provide 
high concentrations for a long period.^* Third, if vancomycin 
were to be administered systemically in combination with an 
aminoglycoside, there could be increased risk of severe 
nephrotoxicity. 

Instead of vancomycin, a third-generation cephalosporin 
was selected as the second drug for IV administration. These 
drugs are well tolerated systemically, have a broad spectrum 
extending to gram-positive and gram-negative bacteria (al- 
though not to methicillin-resistant staphylococci), and are 
likely to penetrate the vitreous cavity, at least modestly. 
While data for vitreous penetration in humans are not avail- 
able, the mean ceftazidime concentration in the vitreous of 
rabbits with inflamed eyes was 3.1 mg/L 1 hour after IV 
administration.’ After repeated IV administration, the mean 
vitreal concentration of ceftriaxone in uninflamed eyes of 
humans was about 5 mg/L, with a range as high as 19.4 mg/L." 
Ceftazidime was chosen over ceftriaxone because it is a better 
agent against certain gram-negative bacilli even though it is 
slightly less active than ceftriaxone against gram-positive 
cocci. Though gram-negative bacilli are less frequent causes 
of endophthalmitis, the visual outcome of gram-negative in- 
fection is generally worse than that resulting from infection 
with gram-positive cocci. 

It is difficult to choose antibioties in a disease such as 
endophthalmitis for which antimicrobial therapy must be in- 
stituted before the offending organism is known. While alter- 
native approaches can be considered, we believe that these 
are the best choices available for initial treatment. Should 
data become available showing that different approaches 
would be better, the choice of drugs for the EVS will be 
modified accordingly. 
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High-profile surgeons 
à talk od 
low-profile benefits 
P" "WD — -——. 


6e rhe shape of the SLANT 
haptic and its angulation of five 
M we're getting closer to a 
"in more ideal product.?? 
—E. Ronald Salvitti, MD 








There was some straight talk about 
SLANT™ haptics and state-of-the-art 
surgical techniques at the SLANT” 
Symposium, held April 6, 1991 in 
Boston. There, it was unanimously 
agreed that as the currents of change 
push the scleral tunnel or pocket inci- 
sion more posterior, the IOL must fit 
through a deeper incision and enter at 
a steeper angle...thereby requiring a low 
entry profile for ease of implantation. 
And, as illustrated at the Symposium, 
no IOL keeps a lower profile than the 
SLANT™ haptic lens (above). 
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66 The state of the art today is 
to use capsule-fixated narrow- 
profile single-piece 
biconvex PMMA 
lenses.?? 








According to Drs. Salvitti, Coburn, and 
Jaffe, this uniquely curved haptic is ideal 
for entry into the new, more posterior 
incisions. There's less manipulation and 
less force for a more harmonious inser- 
tion (above). And, as the SLANT " 
haptic lens continues into the anterior 
chamber (right), the movement of haptic 
and optic remains unified. This haptic- 
optic harmony allows vou to control the 
entire lens orientation with the optic 
alone... which is why the wave of the 
future in IOLs is making difficult or two- 
handed implantation a thing of the past. 
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66 The traditional lens is harder 
to place in the bag...compared 
to the smooth entry of 
the SLANT haptic 
wi lens.2? 
— Norman Jaffe, MD 


Now, ALCON* makes easier implan- 
tation a thing of the present—and the 
future—with SLANT " haptics 
technology. ALCON?” to surgeon. 
Surgeon to lens. And lens to bag. 
SLANT " haptics technology covers all 
the angles when it comes to the latest 
challenges created by new wound 
architecture. And you heard it straight 
from these distinguished surgeons. Hear 
even more about SLANT™ haptics 
straight from us...ask your local ALCON* 
sales representative. 


The wave of the future...nothing keeps a lower profile 


Alcon 


SURGICAL 
Caution: Federal (USA) law restricts these devices 
to sale by or on the order of a physician. Innovation 
© Copyright, Alcon Surgical, Inc., 1991 í 
SPL 035 Without 


Compromise 





Alcon Surgical, Inc., 6201 South Freeway, Fort Worth, TX 76134 
1-800-TO ALCON (1-800-862-5266) 


Case Reports 





Persistent Hyperplastic Primary 
Vitreous With Glaucoma 
Presenting in Infancy 


Secondary glaucoma is a common 
and severe late complication of persis- 
tent hyperplastic primary vitreous 
(PHPV).' We describe an infant who 
presented with bilateral PHPV in 
which glaucoma presented at birth 
without an apparent secondary cause. 


Report of a Case.—A 4-day-old newborn 
boy with bilateral cloudy corneas was exam- 
ined after anesthetization. He was the prod- 
uct of a full-term, uncomplicated pregnancy 
and weighed 2840 g. The delivery was also 
uncomplicated. The family history was un- 
remarkable. Both corneas were 10.5 mm in 
diameter and cloudy. The anterior cham- 
bers were deep. The irides had engorged 
vessels (Figure). Intraocular pressure by 
pneumatonometry was 51 mm Hg in both 
eyes. The trabecular meshwork could not 
be visualized owing to corneal edema. After 
dilation, bilateral fibrovascular plaques ad- 
herent to the posterior lens capsules were 
discovered (Figure). Patent hyaloid arter- 
ies could be traced to the optic nerve heads. 
The cup-dise ratio was 0.8:1 in both eyes. 
Results of a standardized echographic ex- 
amination showed the axial eye lengths to 
be long for the newborns age (19.8 mm OD 
and 19.7 mm OS) Results of pediatric, 
neurologic, and genetic evaluations were 
normal. Results of computed tomography 
and magnetic resonance imaging of the head 
were also normal. Bilateral trabeculotomies 
were performed at age 5 days. Pars plana 
lensectomy and vitrectomy were performed 
in the right eye at age 30 days and in the 
left eye at age 40 days. Intraocular pres- 
sure control was achieved in the right eye 
after two additional trabeculotomies. Tra- 
beculotomies did not provide adequate con- 
trol of intraocular pressure in the left eye, 
and cyclocryotherapy was required. 

The child was last examined at age 
17 months. He had horizontal nystagmus 
but could fix and follow with both eyes. His 
corneas were clear. Intraocular pressures 
were 10 mm Hg OD and 25 mm Hg OS. His 
eyes had enlarged to 26.9 mm OD and 
27.9 mm OS. 


Comment.—PHPV is usually a uni- 
lateral condition in which the embryon- 
ic hyaloid vasculature of an otherwise 
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normal, full-term infant undergoes 
anomalous development. The disease 
is characterized by a retrolental fibro- 
vascular mass, prominent radial iris 
vessels, a shallow anterior chamber, 
elongated ciliary processes, and mi- 
crophthalmos. While most eyes with 
PHPV are microphthalmic, one study 
found 26% of such eyes to be buphthal- 
mic. Almost all buphthalmic eyes had 
secondary glaucoma.’ Buphthalmos is 
especially rare in patients with bilater- 
al PHPV.' We assume that the buph- 
thalmos in this case was secondary to 
the markedly elevated  intraocular 
pressures. Presenting features of 
PHPV are usually leukocoria, strabis- 
mus, or poor visual acuity. We know of 
no previous patient presenting with 


corneal edema. 

Bilateral PHPV occurs in only about 
1196 of cases. Almost all infants with 
bilateral PHPV have associated sys- 
temie anomalies and die at a young 
age. We are aware of only one other 
infant with bilateral PHPV and no 
systemic anomalies.* 

Glaucoma is a frequent late finding 
associated with PHPV and a major 
cause of enucleation.  Closed-angle 
mechanisms include: peripheral anteri- 
or synechiae, anterior displacement of 
the lens iris diaphragm, seclusion of 
the pupil, and lens swelling. Open- 
angle mechanisms include chronic uve- 
itis and intraocular hemorrhage.’ An 
immature filtration angle has been de- 
scribed in PHPV."* In one extensive 


Right eye of patient demonstrating engorged iris vessels and fibrovascular plaque on the 


posterior lens capsule. 
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study, histologically immature angles 
were found in 56% of all cases.’ These 
immature angles were not believed to 
be associated with glaucoma because 
glaucoma had not been diagnosed in 
infants. All patients with glaucoma and 
immature angles reported by Haddad 
et al had secondary conditions that 
could cause glaucoma. 

We know of no other report of a 
patient presenting with glaucoma and 
PHPV at such a young age. Because 
there was no secondary explanation for 
glaucoma in this child, we assume it 
was due to the angle immaturity previ- 
ously noted in histopathologic studies 
of eyes with PHPV. 


WALLACE L. M. ALWARD, MD 
MICHAEL A. KRASNOW, DO 
RONALD V. KEECH, MD 

JOSE S. PULIDO, MD 

Iowa City, Iowa 


GREGORY L. SUTTON, MD 
Lincoln, Neb 
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Mycobacterium gordonae Keratitis 
After Penetrating Keratoplasty 


Atypical mycobacterial infections of 
the cornea are rare. Recently, an in- 
creasing number of cases have been 
reported following outpatient office 
procedures,’ injury with foreign bod- 
ies, or intraocular surgery.” The ma- 
jority of these infections have been 
caused by group IV, rapidly growing 
organisms Mycobacterium fortuitum 
and Mycobacterium chelorae. To our 
knowledge, there has been only one 
case report of keratitis caused by My- 
cobacterium gordonae, a group II, 
slowly growing organism.” We de- 
scribe a patient who developed M gor- 
donae keratitis following penetrating 
keratoplasty. The infection did not im- 
prove with antibiotic treatment to 
which the organism was sensitive by in 
vitro testing. 


Report of a Case.—An 81-year-old man 
developed a nonhealing keratitis 2 years 
after undergoing a penetrating kerato- 
plasty in the right eye for a herpetic corneal 
scar. After unsuccessful treatment with for- 
tified tobramycin sulfate and cefazolin sodi- 
um, a second penetrating keratoplasty was 
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performed. A culture of the corneal button 
yielded atypical mycobacterium; however, 
speciation and susceptibility testing were 
not performed. Four months later, the pa- 
tient was referred to our institution because 
surgery did not cure the infection. The 
patient was using topical tetracycline hy- 
drochloride, 0.3% tobramycin, 0.5% levo- 
bunolol hydrochloride, and 1% prednisolone 
acetate every 2 hours along with oral 
methazolamide. 

Visual acuity was counting fingers in the 
right eye and 20/20 in the left eye. External 
examination of the right eye revealed edem- 
atous, hyperemic eyelids and marked con- 
junctival hyperemia. A central corneal epi- 
thelial defect with two deep stromal 
infiltrates was present at the inferior graft- 
host junction; a temporal area of corneal 
ulceration and peripheral nasal corneal nod- 
ules were also present (Figure). A grade 2 
anterior chamber reaction was evident. The 
B-sean revealed no vitreous debris. Based 
on the clinical appearance of the cornea and 
knowledge of the previous culture results, a 
diagnosis of atypical mycobacterial keratitis 
was made. 

Gram's and Ziehl-Neelsen staining of a 
corneal scraping revealed only polymorpho- 
nuclear leukocytes. Organisms were also 
not recovered on culture. Therapy with 
topical amikacin sulfate (20 mg/mL every 
hour) and rifampin (600 mg daily by mouth) 
was initiated. The prednisolone acetate 
therapy was tapered slowly. During the 
next 2 weeks a hypopyon developed and the 
corneal nodules increased in size. A biopsy 
of one corneal nodule was performed. The 
concentration of amikacin was increased to 
25 g/L and topical 0.3% ciprofloxacin hydro- 
chloride was added every 2 hours. The 
biopsy specimen showed acid-fast organ- 





isms on smear, and cultures yielded 
M gordonae sensitive to amikacin, rifampin, 
and ciprofloxacin (Table). A third agent, 
2.5% topical rifampin solution, was also 
added to the regimen. Despite intensive 
medical therapy, the peripheral cornea 
thinned and the wound margin became ele- 
vated. Repeated penetrating keratoplasty 
was performed for impending graft dehis- 
cence. Medical treatment with fortified 
antibiotics was continued for 6 months and 
the infection subsided. 


Comment.— Atypieal mycobacteria 
are classified into one of four groups 
depending on their rate of growth and 
pattern of pigmentation. Mycobacte- 
rium gordonae is a member of the 
group II, slowly growing scotochromo- 
genic mycobacteria that produce carot- 
enoid pigment with or without expo- 





Minimum Inhibitory 
Concentration, 
Antibiotic mg/L" 
Erythromycin 
Amikacin 
Isoniazid 


Streptomycin 


Rifampin 
Ethambutol 
Ethionamide 


Doxycycline 
Ciprofloxacin 
* Measured by broth and agar dilution methods. 


A slit-lamp photograph of the right eye shows the temporal area of corneal ulceration (double 
arrows), the inferotemporal and nasal corneal nodules (arrows) on the peripheral cornea, and 





the intrastromal infiltrates (open arrows) at the inferior graft-host margin. 


Case Reports 





sure to light. Although M gordonae is 
commonly found in the environment, 
this is only the second report of corneal 
involvement, to our knowledge. Topi- 
cal corticosteroids inhibit the cellular 
response and their use may have con- 
tributed to this patient’s infection. 

In vitro sensitivity testing revealed 
susceptibility to amikacin, ciprofloxa- 
cin, and rifampin; however, these anti- 
biotics were not effective. The low in 
vivo response rate may have been due 
to the slow growth and replication 
rates of M gordonae or poor penetra- 
tion of the antibiotics through intact 
epithelium. Although dual therapy 
with ciprofloxacin and amikacin has 
been documented to be synergistic 
against M fortuitum keratitis in rab- 
bits, our patient did not exhibit a clini- 
cal response. Surgery was required to 
preserve the integrity of the globe. 

The diagnosis of atypical mycobacte- 
rial keratitis should be considered ear- 
ly in any case of nonresponsive corneal 
ulcer. Early diagnosis mandates stain- 
ing of smears for acid-fast organisms 
and culturing on Lowenstein-Jensen 
medium. However, as with other atyp- 
ical mycobacterial corneal infections, 
medical therapy alone may be unsuc- 
cessful in eradicating M gordonae 
keratitis. 


NUNZIO SOSSI, MD, PHD 
ROBERT M. FELDMAN, MD 
SANDY T. FELDMAN, MD 
BEATRICE E. FRUEH, MD 
GORDON MCGUIRE, PHARMD 
CHARLES DAVIS, MD 

La Jolla, Calif 
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Retinal and Optic Nerve 
Manifestations of Autoimmune 
Polyendocrinopathy-Candidiasis- 
Ectodermal Dystrophy 


Autoimmune polyendocrinopathy- 
candidiasis-ectodermal dystrophy 
(APECED) is an autosomal recessive 
disease characterized by a variable 
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failure of the parathyroid glands, adre- 
nal cortex, gonad glands, pancreatic 
beta cells, gastric parietal cells, and 
thyroid gland. Mucocutaneous candidi- 
asis, viral hepatitis, and dystrophy of 
dental enamel and nails may result 
from APECED. Alopecia, vitiligo, and 
keratopathy may also occur.’ 

We have followed up a 39-year-old 
man with APECED who demonstrates 
optic nerve and retinal changes that 
we believe are autoimmune. 


Report of a Case.—At age 19 years, the 
patient experienced decreased visual acuity 
in his right eye. Recently, he noted pro- 
gressive loss of vision in his left eye over a 
6-month period. His best corrected visual 
acuity was 20/400 OD and 20/40 OS. Color 
vision was absent in the right eye and 
normal in the left eye. An afferent pupillary 
defect was present in the right eye. Results 
of slit lamp examination and intraocular 
pressures were normal in both eyes. Oph- 
thalmoscopic examination revealed a pale 
optie disc in the right eye. The retinal 
arterioles were attenuated and the periph- 
ery had bone spicule pigment changes with 
retinal pigment atrophy (Figure) In the 
left eye, the disc appeared minimally pale. 
The vessels and retinal periphery appeared 
normal. Automated visual field testing re- 
vealed arcuate visual field defects in both 
eyes consistent with optic nerve disease. 
Results of serum antibody tests revealed 
markedly elevated titers against retina and 
optic nerve.” A course of systemic steroids 
did not result in a decrease in the antibody 
titers, and results of his ophthalmologic 
examination remained unchanged. 


Comment. —Gass* reviewed the syn- 
drome of keratoconjunctivitis, superfi- 
cial moniliasis, idiopathic hypoparathy- 
roidism, and Addison’s disease. Al- 
though not described in any detail, one 
patient in the article was noted to have 
retinitis pigmentosa. Our patient had 
bilateral optic atrophy. He also showed 
bone  spieule retinal pigmentary 
changes and narrowing of the arteriole 
consistent with retinal photoreceptor 


Bone spicule pigment changes with retinal 
pigment atrophy. 





loss. His family history of inherited 
retinal or optic nerve abnormalities 
was negative. We hypothesize that at- 
rophy of the retina and optie nerve in 
the presence of autoantibodies di- 
rected against these tissues strongly 
suggests that the ocular findings are 
autoimmune and part of the syndrome. 


LARRY W. Woop, MD 
LEE M. JAMPOL, MD 
MARK J. DAILY, MD 
Chicago, Ill 
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Choroidal Folds and Dural 
Cavernous Sinus Fistula 


Dural cavernous sinus fistulas may un- 
dergo spontaneous resolution with 
transient worsening of clinical signs 
and symptoms. We report such a case 
and document the first association of 
choroidal folds with this vascular 
malformation. 


Report of a Case.—A 66-year-old woman 
was evaluated for sudden worsening of 
right eye redness that had been present for 
6 weeks. Visual acuity was 20/30 OD and 
20/25 OS. Pupils were normal. Examination 
of the right eye showed 5-mm proptosis, 
limited supraduction and infraduction, up- 
per and lower eyelid edema, chemosis, and 
dilated episcleral vessels. Results of left eye 
examination were normal. Intraocular pres- 
sures were 36 mm Hg OD and 16 mm Hg 
OS. Spontaneous venous pulsations were 
absent on the right, but present on the left. 
The fundi were otherwise normal. 

Computed tomography demonstrated a 
prominent "right superior ophthalmic vein 
and enlargement of the right extraocular 
muscles. A presumptive diagnosis of dural 
cavernous sinus fistula was made. Magnetic 
resonance imaging showed enlargement of 
the right cavernous sinus and findings con- 
sistent with slowed flow or thrombosis 
within the right superior ophthalmic vein 
(Fig 1). 

During the next 2 months, the patient 
experienced marked improvement in her 
external appearance yet a decline in her 
vision in the right eye. Visual acuity was 





There was 1-mm ri t-sidéd proptosigy aid 
-were:0 
and à Ei 


the episcleral vessefs.on the ri 
mildly dilated. Ch reidal fo 





AG. 





Fig 1.—T,-weighted cranial magnetic resonance images. Left, Axial view demonstrates increased signal in right superior 
ophthalmic vein (arrow) consistent with slow flow or thrombosis. Right, Coronal scan shows enlargement of right cavernous 


sinus (arrow). 





Fig 2.—Fluorescein angiogram demonstrates alternating subretinal light and dark lines char- 
acteristic of choroidal folds. 


present in the right fundus. The left fundus 
was normal. Fluorescein angiography of the 
right eye confirmed the presence of choroi- 
dal folds (Fig 2). Within 4 months visual 
acuity returned to 20/25 OD with a normal 
fundus. 


Comment.—Spontaneous resolution 
of a dural cavernous sinus fistula may 
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follow a period of worsening of signs 
and symptoms.’ Thrombosis of the su- 
perior ophthalmic vein may precede 
regression of these lesions. During the 
period of clinical observation, cerebral 
arteriography may be deferred. Our 
patient fits this clinical profile and in 
addition, developed choroidal folds and 


mild venous stasis retinopathy during 
her course of clinical improvement. 

Many conditions have been associ- 
ated with choroidal folds, including 
hypermetropia, hypotony, orbital tu- 
mors, ocular tumors, thyroid eye dis- 
ease, macular degeneration, uveitis, 
scleritis, optic disc swelling, and ve- 
nous occlusion.” Choroidal folds have 
not been documented with dural cav- 
ernous fistulas, although other re- 
ported disturbances of the ocular circu- 
lation are retinal venous stasis and 
occlusion, abnormal choroidal blood 
flow, and choroidal detachments.* Cho- 
roidal congestion has been suggested 
as an etiologic factor in the develop- 
ment of both choroidal detachment and 
choroidal folds.” 

In summary, our patient developed 
choroidal folds during spontaneous res- 
olution of a dural cavernous sinus fistu- 
la. This is likely part of a spectrum of 
findings related to altered choroidal 
circulation. 

LEE G. GONSHOR, MD 
LANNING B. KLINE, MD 
Birmingham, Ala 
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Inflamase" Forte 1% 


(prednisolone sodium phosphate) Ophthalmic Solution 
for unshakeable 100% potency. 


INDICATIONS AND USAGE: INFLAMASE FORTE Ophthalmic Solution ts indicated for the treatment of the following 
conditions: steroid responsive inflammatory conditions of the palpebral and bulbar conjunctiva, cornea. and anterior 
_ Segment of the globe, such as allergic conjunctivitis, acne rosacea, superficial punctate keratitis, herpes Zoster keratitis, 
iritis, cyclitis, selected infective conjunctivitis when the inherent hazard of steroid use is accepted to obtain an advisable 
diminution in edema and inflammation: corneal injury from chemical. radiation, or thermal burns, or penetration of foreign 
bodies. INFLAMASE FORTE Ophthalmic Solution is recommended for moderate to severe inflammations, particularly 
when unusually rapid control is desired. In stubborn cases of anterior segment eye disease, systemic adrenocortical 
hormone therapy may be required. When the deeper ocular structures are involved, systemic therapy is necessary. 
CONTRAINDICATIONS: The use of these preparations is contraindicated in the presence of acute superficial herpes simplex 
keratitis, fungal diseases of the ocular structures, acute infectious stages of vaccinia, varicella and most other viral 
diseases of the cornea and conjunctiva, tuberculosis of the eye and hypersensitivity to a component of this preparation. 
The use of these preparations is always contraindicated after uncomplicated removal of a superficial corneal foreign body 
WARNINGS: Employment of steroid medication in the treatment of herpes simplex keratitis involving the stroma requires 
great caution; frequent slit lamp microscopy is mandatory. Prolonged use may result in elevated intraocular pressure 
and/or glaucoma, damage to the optic nerve, defects in visual acuity and fields of vision, posterior subcapsular cataract 
formation, or may result in secondary ocular infections. Viral, bacterial and fungal infections of the cornea may be 
exacerbated by the application of steroids. In those diseases causing thinning of the cornea or sclera. perforation has been 
known to occur with the use of topical steroids. Acute purulent untreated infection of the eye may be masked or activity 
enhanced by the presence of steroid medication. This drug is not effective in mustard gas keratitis and Sjögrens 
keratoconjunctivitis. If irritation persists or develops, the patient should be advised to discontinue use and consult 
prescribing physician. PRECAUTIONS: As fungal infections of the cornea are particularly prone to develop coincidentally 
with long-term local steroid applications, fungus invasion must be suspected in any persistent corneal ulceration where a 
Steroid has been used or is in use. Intraocular pressure should be checked frequently. This product is sterile when 
packaged. To prevent contaminating the dropper tip and solution, care should be taken not to touch the eyelids or any other 
surface with the dropper tip of the bottle. Keep out of the reach of children. Keep bottle tightly closed. Protect from light. 
STORE AT CONTROLLED ROOM TEMPERATURE (15°-30°C) (59°-86°F). ADVERSE REACTIONS: The following adverse 
reactions have been reported: glaucoma with optic nerve damage, visual acuity and field defects, posterior subcapsular 
cataract formation, secondary ocular infections from pathogens including herpes simplex and fungi, and perforation of the 
globe. Rarely, filtering blebs have been reported when topical steroids have been used following cataract surgery. Rarely, 
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Credentials Verification — It's important to both 
physicians and those evaluating them. Now 
available in your area, the National Physician 
Credentials Verification Service, AMA/NCVS;" 
can make the process easier and better. 


Here's how 

For physicians: The AMA/NCVS sets up and 

maintains a permanent portfolio of verified 

information that can be used as the physician applies ^ 
for licensure or privileges. The physician no longer 

needs to start from scratch each time an application 

is made. 


For hospitals/boards: The AMA/NCVS provides a 
summary report of core credentials that have been 
verified with primary sources. And for the core 
credentials it collects, the AMA/NCVS satisfies 
current standards defined in the Joint Commission 
Accreditation Manual for Hospitals for primary 
source verification. The credentials verifier no longer 
neecs to reverify all information. 


The result 

It'S called a win-win situation and, best of all, it's 

operated by the most experienced provider of X 
physician information: the American Medical 

Association. 


For information on the Service, contact your co- 
sponsoring Medical Society office or call the AMA 
at 1-800-677-NCVS. 
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PRESERVATIVE-SAFE 


Formulated with POLYQUAD* the only preser- 
vative that allows corneal epithelial cell growth' 


(in vitro data) 


EASY-TO-USE 


Multiple-dose convenience is à plus for patients 
with busy lifestyles 


1.. Data on file, Alcon Laboratories, Inc; f 
2. Tripathi. Which ophthalmic and lens care preservatives are safe? Abstract for 
International Congress of Ophthalmology, Rome, May; 1986. 


The clinical significance of these in vitro data is unknown; 
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RBRVS Cuts Ophthalmologists’ Medicare Fees by 35% 


Washington, DC. — Ophthalmologists would be 
among the big losers under the new Medicare physician 
payment system, said Gail R. Wilensky, PhD, head of 
the federal Health Care Financing Administration 
(HCFA). 

The proposed rules for the new physician payment 
system based on the resource-based relative value scale 
(RBRVS) are estimated to cut ophthalmologists’ Medi- 
care fees by 35%, almost 20% more than the initial 
estimates when the RBRVS was introduced in 1988. 
The proposed rules were published in the June 5, 1991, 
Federal Register by the Department of Health and 
Human Services (DHHS); they assign relative values 
to more than 4000 medical services. Values for an addi- 
tional 3000 procedures will be published by late October 
1991. 

The outcry from medical groups, including the Amer- 
ican Academy of Ophthalmology (AAO) and the Ameri- 
can Medical Association (AMA), has been loud. George 
Weinstein, MD, president of the AAO, said, “We are 

shocked and disappointed by the magnitude of these 
proposed cuts. We will not know for some time the total 
effect upon medical care. Profound changes in the deliv- 
ery of medical eye care and other physician services 
may result from proposed major cuts in Medicare physi- 
cian reimbursement.” The AAO is studying the pro- 
posed regulations and will issue formal comments with- 
in 60 days after publication of the proposed rules. The 
AAO is also calculating fees for specific procedures and 
distributing this information to members. 

James S. Todd, MD, Executive Vice President of the 


Julie Foreman, Section Editor 


E 
CT 


=> 


t 


m Arch Ophthalmol—Vol 109, August 1991 
ed 


AMA, said that the proposed regulations are "totally 
unacceptable” and have “outraged the physicians of 
America.” Todd also stated, “The AMA remains com- 
mitted to physician payment reform. We simply want 
to make it work. The AMA, working with all of orga- 
nized medicine, is embarking on a major effort to re- 


verse these cuts.” Todd believes that the problem with. 


the proposed rules is not the RBRVS itself, but 
HCFA’ interpretation of the law. 

Wilensky insists that DHHS is implementing the law 
as Congress wrote it. She explains that the purpose of 
the Medicare reform is “to get the relative prices right, 
not establish physician incomes. . . . We're finally get- 
ting the relative prices right." 


The effects of the proposed Medicare rules would not : 


be limited to physician Medicare fees; private insurance 
companies generally pattern their payment after that 
of government health insurance programs. Private in- 
surance companies would be likely to adjust their own 
payment schedules to reflect the government's new 
reimbursement plan. 

The RBRVS is the most significant overhaul of the 
Medicare payment system since Medicare began in 
1965. Previously, physicians were reimbursed accord- 
ing to their actual charges or the prevailing fees in their 
geographie areas, whichever were less costly. Under 
the RBRVS, the values assigned to physician services 
are a combination of practice costs and professional 
liability premiums adjusted for geographie cost 
differences. $ 

The proposed rules are open for comment until Au- 
gust 5, 1991. 

JULIE FOREMAN 
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Book Reviews 
Edited By Daniel M. Albert, MD 





Pneumatic Retinopexy (A Clinical Sym- 
posium, August 5-6, 1988, San Diego, 
Calif), edited by Paul E. Tornambe and W. 
Sanderson Grizzard, 253 pp, Des Plaines, Ill, 
Greenwood Publishing, 1989, $69.95. 


This book, which is a compendium of 
presentations given at a clinical sympo- 
sium in August 1988 in San Diego, Calif, 
begins with a disclaimer stating that 
pneumatic retinopexy (PR), to date, is 
not generally accepted as a standard of 
care by the medical profession. The 
“Foreword” by George Hilton high- 
lights the recent experience with PR 
and its efficacy in certain types of retinal 
detachments. After reading the entire 
book, it became apparent that PR is a 
valid procedure for certain types of reti- 
nal detachments. In particular, the 
book explains that PR is useful for pa- 
tients with one or more breaks not ex- 
ceeding 1 clock hour (in width) located in 
the superior 8 clock hours (between the 
8-o'clock and 4-o'clock positions in clock- 
wise fashion), and excluding prolifera- 
tive vitreoretinopathy grades C and D. 


*. .. deals with many aspects of 


PR that face today's vitreoretinal 
surgeons." 


Section 1, “Background, Protocol, 
and Steps,” details the history of PR, 
the anatomy and dynamics of vitreous 
structure with gas injection, the proto- 
col of patient selection, physical proper- 
ties of different gases, the contrast with 
cryotherapy and laser therapy, the 
steamroller technique, and the manage- 
ment of patients. 

Section 2, “Complications and Their 
Management,” is thoughtful and pro- 
vocative. It postulates a mechanism for 
subretinal fluid absorption and addi- 
tionally discusses complications such as 
new breaks, posterior breaks, and re- 
operations. It also discusses gas and 
cryotherapy or laser therapy as possible 
stimuli of proliferative vitreoret- 
inopathy. 

Section 8, “Clinical Experience at 
Various Centers,” describes individual 
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experiences and provides encouraging 
data from a collaborative PR study. The 
success of this study was most likely due 
to surgical experience and strict criteria 
for the procedure. The findings re- 
vealed that: (1) PR has a single-opera- 
tion success rate that varies from 60% to 
80%; (2) the multiple-operation success 
rate is about 95% or greater; and (3) the 
reported incidence of proliferative vit- 
reoretinopathy is about 5%. 

Section 4, “Current and Evolving Is- 
sues With PR,” reports on other topics, 
such as economic impact, reimburse- 
ment, and liability. This section strong- 
ly recommends that surgeons should be 
aware of the legal implications involved 
in PR. For example, industrial gases 
used in the operation are not approved 
by the Food and Drug Administration. 
The section also stresses that surgeons 
must evaluate whether PR is the stan- 
dard of care in their local medical com- 
munity. Some prominent vitreoretinal 
surgeons firmly believe that PR is not 
the standard, even though they freely 
use it in complicated detachments with 
vitrectomy. 

Additionally, section 4 summarizes 
the results of a multicenter, random- 
ized, controlled trial comparing PR with 
scleral buckling. The conclusions were 
as follows: (1) the process of randomiza- 
tion produced two similar groups; 
(2) posterior morbidity was less com- 
mon and had a shorter duration in the 
PR group; (3) retinal reattachment 
rates were similar with either opera- 
tion; (4) anatomic results were poorer in 
aphakic or pseudoaphakic eyes than in 
phakic eyes with either procedure; 
(5) the Complications score was similar 
in both groups; (6) proliferative vitreo- 
retinopathy developed with similar fre- 
quency in both groups; and (7) new or 
missed retinal breaks occurred with 
greater frequency in the PR group, but 
did not produce an unfavorable anatom- 
ic or visual outcome. 

In summary, Pneumatic Retinopexy 
deals with many aspects of PR that face 
today’s vitreoretinal surgeons. It pre- 
sents balanced discussions on subjects 
ranging from legal considerations to pa- 


tient protocols, and will be of interest to 
all ophthalmologists. 
EDWARD A. RYAN, MD 
Boston, Mass 


Envisioning Information, by Edward 
R. Tufte, 126 pp with illus, Cheshire, 
Conn, Graphics Press, 1990, $48. 


This short book was written to illus- 
trate techniques (on topics ranging 
from illustrating dance steps to dis- 
playing the distribution and frequency 
of sun spots) that can be used to 
display complex data on a two-dimen- 
sional surface, such as paper or a video 
screen. Several hundred examples that 
show very complex data involving 
three, four, or more dimensions are 
presented. The text briefly describes 
the figures and provides a running 
commentary about the problems en- 
countered and then solved in the ex- 
amples presented. The illustrations in 
the book come from many sources (17 
countries) and span seven centuries. 
While none of these images pertains 
directly to ophthalmology, the solu- 
tions presented can be, in many cases, 
extrapolated for use with the problems 
ophthalmologists encounter. 


“..a collection of brilliant so- 
lutions to complex problems. 


This is not a “how to” book. Rather, 
it is a collection of brilliant solutions to 
complex problems. The reader's task is 
to draw analogies between these ex- 
amples and the problems that he or she 
may face with his or her data. 

While this 126-page book can be 
easily read in one evening, it is best 
read, reread, and then kept as a refer- 
ence because a number of the clever 
tricks used to display information are 
notimmediately apparent, and become 
so only on further reflection. 

Great care has been taken to pre- 
serve the printed quality of the figures 
in the book. Original films have been 
used to reproduce the maps so that the 
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reproductions in the book look as good 
as the originals. The book is printed on 
heavy, 100-lb pH-neutral paper. 

I highly recommend this book to 
anyone who has struggled to prepare 
easily understood figures of complex 
data for publication or teaching pur- 
poses. 

DONALD A. FRAMBACH, MD 
Los Angeles, Calif 


Fitting Guide for Rigid and Soft 
Contact Lenses: A Practical Ap- 
proach, 3rd ed, by Harold A. Stein, Ber- 
nard J. Slatt, and Raymond M. Stein, 613 
pp, St Louis, Mo, Mosby-Yearbook, 
1990, $57.95. 


The third edition of this well-sea- 
soned text is panoramic in scope, up to 
date, well organized, and easily read- 
able. The text appears to have been 
written for the intermediate to ad- 
vanced contact lens practitioner. Al- 
though it will not discourage the ener- 
getic beginner, he or she may be over- 
whelmed by its profuse exposition of 
"pearls." 


"...for the intermediate to ad- 
vanced contact lens practitioner." 


The book is divided into four parts. 
"Fundamentals," the first part, could 
be a book in itself. It begins with a 
chapter on anatomy and physiology of 
the cornea that combines unusually 
clear drawings with comprehensive 
descriptions. A second chapter is de- 
voted to contact lens terminology, with 
helpful drawings, concise text, and an 
exhaustive glossary. By now, the read- 
er expects the Fitting Guide to be a re- 
markable text. Any doubt is dispelled 
when Josephson's chapter on the an- 
terior ocular surface and tear film 
is read. An added treat is a chap- 
ter devoted to soft lens technology, 
from conception to the present day's 
advanced roboties and quality con- 
trol. 

"Basic Fitting" sustains the momen- 
tum. Soft lenses are first considered, 
starting with the basic advantages and 
disadvantages followed by verification 
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techniques; careful drawings and pho- 
tographs are also included. A chapter 
devoted to general guidelines for fit- 
ting soft contact lenses is remarkable 
in its clear presentation of the compli- 
cated relationship of a soft lens to the 
external eye. It is followed by an 
equally succinct chapter devoted to 
general fitting principles. Handling 
techniques, care systems, tints, and an 
organized approach to problem solving 
complete the section devoted to soft 
lenses. A second section is devoted to 
polymethyl methacrylate lenses. A 
historical overview is followed by a 
discussion of fitting techniques, inser- 
tion and removal methods, office mod- 
ification procedures, and lens care reg- 
imens. Fitting problems and their so- 
lutions, complications, and office veri- 
fication of contact lens parameters 
complete the section. A final section is 
devoted to gas-permeable lenses. Cel- 
lulose acetate butyrate lenses are 
given limited space because of their 
impending obsolescence. A chapter 
devoted to silicone-acrylate lenses 
touches all bases, from chemical com- 
position, fabrication techniques, phys- 
iologic considerations of the varied 
lens types, and fitting techniques with 
and without trial sets and includes a 
great exposure of clinical pearls. An- 
other chapter gives a well-organized 
view of fluorocarbon and fluorocarbon 
silicone-acrylate lenses. The introduc- 
tion to rigid, aspheric, gas-permeable 
lenses completes the section. 

The next part of the book is written 
for the advanced fitter. Keratoconus, 
hard and soft lens treatment of astig- 
matism, and presbyopia are discussed 
in separate chapters. Lenses for spe- 
cial use follow, and the chapter in- 
cludes discussions on a red transmit- 
ting lens, the X-chrom lens, which is 
used for red-green color discrimina- 
tion deficiency, the piggy back lens, 
which is a combination of soft contact 
lens with an overlying rigid lens, 
lenses for children, sports consider- 
ations, orthokeratology, and postra- 
dial keratotomy. A subsequent consid- 
eration of aphakic rigid and soft lenses 
is also included. The problems of ex- 
tended-wear lenses are considered in 
the next two chapters. A comprehen- 


sive view of physiology, fitting tech- 
niques, complications, and cost consid- 
erations is followed by discussions of 
bandage lenses, and features good 
black-and-white photographs. The fi- 
nal chapter in the section is devoted to 
a mélange of problem cases and their 
solutions. 

"Complications of Contact Lens 
Wear" provides an in-depth look at 
care systems, with discussions of pre- 
servatives, compatibility, and toxic 
and sensitivity reactions as well as a 
diagnosis of red eye syndromes. Com- 
plieations involving the cornea and 
contact lens wear are neatly intro- 
duced in the next three chapters, but 
study of allergie conditions unfortu- 
nately fails to discuss the pathophysi- 
ology and rationale for treatment of 
the ubiqutious giant papillary con- 
junctivitis. 

A final part, “Contact Lens Prac- 
tice," is devoted to practice consider- 
ations and cosmetics, including an in- 
teresting chapter on techniques for 
slit-lamp photography. 

Momentum and interest do not slow. 
The appendix contains many general 
contact lens information tables, esti- 
mations of visual loss, lists of drugs 
used in ophthalmology, minimal visual 
requirements for driving, the Ameri- 
can Academy of Ophthalmology's pol- 
icy on the use of contact lenses in an 
industrial environment, the Contact 
Lens Association of Ophthalmologists 
policies for extended wear contact 
lenses, information on welding and 
contact lenses, and information on 
Acanthamoeba keratitis. The book re- 
markably concludes with the transla- 
tions of commonly asked questions and 
commands in English, French, Ger- 
man, Italian, Polish, and Spanish! 

The subject of contact lenses has 
come a long way since the early mus- 
ings of Leonardo and Descartes. Sim- 
ilar giant steps can also be seen in the 
quality of recent texts that cover this 
rapidly evolving discipline. The Fitting 
Guide is a product of master editors 
who have blended goals, organization, 
and choice of contributors extremely 
well. 

JAMES R. LEE, MD 
Boston, Mass 
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Questions and Answers 
Edited by Stewart MacKay Wolff, MD 


The rapid and complex advances in ophthalmic science make it difficult to keep up with the many changes 
that are occurring in our specialty. The ARCHIVES solicits your questions and requests that they be clearly 
stated and reasonably focused. We cannot expect our consultants to respond to questions that are too wide 
ranging and not clearly defined. Please limit your questions to five or six double-spaced lines and follow the 
guidelines put forth in our “Instructions for Authors” (see Table of Contents for issue information). A signed 
copyright transmittal letter to the AMA should accompany all submissions. We have asked our referees to 
limit their answers to 35 lines. Questions should be sent to Stewart M. Wolff, MD, 11 E Chase St, Baltimore, 
MD 21202. We will do our best to provide answers to all appropriate questions. 


Calcific Band Keratopathy 


| recently examined two patients who developed band 

keratopathy within a short time after undergoing cataract 
extraction. One of these patients was known to be hypercalcemic 
with end-stage glomerulonephritis and had developed calcifica- 
tion in her feet in the past. Her right eye, which had undergone 
phacoemulsification with a foldable silicone lens 6 weeks earlier, 
developed diffuse band keratopathy throughout the central cor- 
nea. No episodes of corneal breakdown have occurred and there 
has been no need for gonioscopy. 

My questionis whether there may be greater calcium binding to 
the cornea in patients using prednisolone phosphate rather than 
prednisolone acetate after undergoing anterior segment sur- 
gery. | recognize the fact that disorders such as hypercalcemia 
and the use of certain viscoelastic substances may contribute to 
this condition. | would appreciate any information you might 
have in this regard, especially as it might relate to future thera- 
peutic options after corneal epithelial débridement. 

ROBERT ABEL, Jr, MD 
Wilmington, Del 


A Calcific band keratopathy is a disorder associated with a 

wide variety of eye diseases and systemic problems.’ 
Factors that influence calcium deposition within corneal tis- 
sue include the tear and interstitial fluid concentrations of 
ealeium and phosphate and the local pH. In addition, acceler- 
ated band keratopathy has been described in patients with 
keratitis sicca.” Band formation is characterized by a predis- 
position to interpalpebral cornea with initial peripheral 
changes and subsequent central involvement. A clear zone is 
commonly present between the band keratopathy and limbus. 

Recently, the use of certain viscoelastic substances has 
been associated with corneal deposits following cataract sur- 
gery’; pathologically, this is calcium deposition. ^" There is no 
known association between band keratopathy and silicone 
lens implants, although keratopathy has been reported to 
occur with silicone oil used in surgery for retinal detachment. 
However, these eyes are prone to chronic inflammation, hypo- 
tony, and other factors, which may predispose them to develop 
band keratopathy. 

It is interesting to hypothesize that the use of prednisolone 
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or dexamethasone phosphate steroid preparations could pre- 
dispose an eye to the development of band keratopathy by 
increasing tear and interstitial concentration of phosphate. 
The concentration of caleium and phosphate normally is near 
the point at which precipitation can occur, and it is well known 
that systemic increases in calcium and phosphate, such as 
those that occur with renal disorders, predispose eyes to the 
formation of band keratopathy by increasing the concentra- 
tion of available caleium or phosphate, thus tipping the scales 
in favor of precipitate formation. ` 
It is unclear whether the topical addition of calcium or 
phosphate can have a similar effect. However, R. Doyle Stult- 
ing, MD, PhD (oral communication, February 21, 1991) re- 
ported a case in which two consecutive corneal transplants in 
one patient using prednisolone phosphate drops developed 
calcium plaques in the donor grafts, while a third transplant 
using prednisolone acetate remains clear.’ To my knowledge, 
The National Registry of Drug-Induced Ocular Side Effects 
has not received any reports of cases involving such complica- 
tions from dexamethasone or prednisolone phosphate. It is 
noteworthy, however, that one of your patients had hypercal- 
cemia, and the additional insult of a phosphate-containing 
drop may have been enough to allow band formation to occur. 
Postoperative inflammation may also be a contributing factor.’ 
Certainly, caution in such patients is warranted until further 
experience in similar cireumstances is forthcoming. 
MICHAEL J. TARAVELLA, MD 
S. LANCE FonsTOT, MD 
Denver, Colo 


1. Smolin G, Thoft RA. The Cornea. 2nd ed. Boston, Mass: Little Brown & 
Co Ine; 1989:429. 

2. Lemp MA, Ralph RA. Rapid development of band keratopathy in dry 
eyes. Am J Ophthalmol. 1977;83:657. 

3. Coffman MR, Mann PM. Corneal subepithelial deposits after use of 
sodium chondroitin. Am J Opthalmol. 1986;102:279-280. 
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News and Comment 





Wilmer Eye Institute Receives 
$1.5 Million Pledge for Children’s Eye 
Center.—The Johns Hopkins Wilmer 
Eye Institute, Baltimore, Md, has re- 
ceived a pledge of $1.5 million to fund 
pediatric eye research and training 
from Zanvyl Krieger, a Baltimore busi- 
nessman and philanthropist, and 1928 
graduate of The Johns Hopkins Univer- 
sity. Mr Krieger's gift will endow a pro- 
fessorial chair in pediatric ophthalmolo- 
gy, and represents the initial gift in the 
funding of the Krieger Children's Eye 
Center at the Wilmer Institute. David 
Guyton, MD, will be the first 
incumbent. 


John D. Gottsch, MD, Awarded Eye 
Research Grant from Johnson & 
Johnson. —Johns D. Gottsch, MD, as- 
sociate professor of ophthalmology at 
The Johns Hopkins Wilmer Eye Insti- 
tute in Baltimore, Md, will receive a 
$245 000 grant from Johnson & Johnson 
to support an investigation of age-re- 
lated macular degeneration. The grant, 
sponsored by IOLAB, a Johnson & 
Johnson company, will support Dr 
Gottsch's project, “Eye Damage from 
Light and Blood," studying possible fac- 
tors in the pathogenesis of age-related 
macular degeneration. Of the 20 basic 
research grant recipients from Johnson 
& Johnson in 1991, Dr Gottsch is the 
only ophthalmologist. Created in 1980, 
the award program is based in the John- 
son & Johnson corporate office of sci- 
ence and technology and has presented 
more than $14 million for basic research. 


Ophthalmological Society Names 
New Officers. — The San Diego County 
Ophthalmological Society has an- 
nounced the following new officers for 
1991-1992: Paul E. Tornambe, MD, 
president; John E. Bokosky, MD, vice 
president; Daniel R. Terhorst, MD, 
secretary; and David A. Edwards, MD, 
treasurer. 


Christopher A. Paterson, MD, Re- 
ceives Award. — Christopher A. Pater- 
son, MD, has been awarded the Univer- 
sity of Louisvilles 1990 President's 
Award for Outstanding Scholarship, 
Research, and Creative Activity in the 
basic applied sciences category. Dr Pat- 
erson, a professor in the University of 
Louisvilles Department of Ophthalmol- 
ogy and Visual Sciences, was nominated 
for the award by the university's faculty 
advisory committee. The award was 
presented at commencement exercises 
in Louisville, Ky, on May 19, 1991. 


Lighthouse Low Vision Products 
Announces 24-Hour Telephone Order 


Arch Ophthalmol— Vol 109, August 1991 


Service.—Lighthouse Low Vision 
Produets has announced 24-hour tele- 
phone order service for supplies. Cus- 
tomer service representatives will take 
orders during regular business hours 
(8:30 AM to 5:00 PM Eastern time, Mon- 
day through Friday); orders called in 
after hours, including weekends and 
holidays, will be passed along to custom- 
er service for action the next day. The 
national toll-free number is: 1-800-453- 
4923. Orders may be sent via Fax at 
anytime using the following number: 1- 
718-786-0437. 


Three New Members of National 
Advisory Eye Council Appointed. — 
Health and Human Services Secretary 
Louis W. Sullivan, MD, has appointed 
three new members to the National Ad- 
visory Eye Council, the principal advi- 
sory body to the National Eye Institute 
(NEI. They are: Argye Hillis, PhD; 
Joseph Horwitz, PhD; and Paul L. 
Kaufman, MD. The new appointees, 
who will serve through 1994, join nine 
other council members and five ex-offi- 
cio representatives in advising institute 
director Carl Kupfer, MD, and his 
staff. The council provides advice on 
awards for vision research and research 
training and provides guidance on NEI 
research policy and scientific program 
planning. Dr Hillis, a member of the 
NEI Vision Research Review Commit- 
tee and the ARCHIVES Editorial Board, 
is chief biostatistician at the Institute 
for Health Care Evaluation, Texas 
A&M University, and director of bio- 
statistics at Scott and White Hospi- 
tal/Foundation in Temple, Tex. Dr Hor- 
witz, a member of the cataract panel for 
the NEI 5-year plan— Vision Research: 
A National Plan 1983-1987 — and chair- 
man of the institute's forthcoming 1991- 
1996 plan, has been associate director of 
the Jules Stein Eye Institute and Pro- 
fessor of Ophthalmology/Biophysies at 
the UCLA School of Medicine since 
1980, and is an affiliate member of the 
Molecular Biology Institute at UCLA. 
In 1984 he received the Alcon Award for 
his contributions to vision research. Dr 
Kaufman is professor of ophthalmology 
and director of the glaucoma service at 
the University of Wisconsin-Madison. 
From 1968 until 1970, he served as a 
staff associate in the biometry branch of 
the National Cancer Institute at the Na- 
tional Institutes of Health. 


New Faculty Members Appointed to 
Wilmer Eye Institute.— Dimitri T. 
Azar, MD; James P. Dunn, MD; Elba M. 
Pacheco, MD; and Stanley A. Vinores, 
PhD, have been appointed assistant 





professors in the department of oph- 
thalmology of the Wilmer Institute at 
The Johns Hopkins Medical Institutions 
in Baltimore, Md. Prior to his appoint- 
ment to the Wilmer Institute, Dr Azar 
completed fellowships in cornea-mor- 
phology at the Eye Research Institute, 
in Boston, Mass, and in cornea and ex- 
ternal disease at the Massachusetts Eye 
and Ear Infirmary, also in Boston. He 
did his residency and was chief resident 
and assistant residency training direc- 
tor at the Massachusetts Eye and Ear 
Infirmary as well. Dr Dunn completed 
fellowships in cornea and external dis- 
ease at the Jules Stein Eye Institute at 
UCLA, and in uveitis and external dis- 
ease at the Francis I. Proctor Founda- 
tion at the University of California in 
San Francisco, where he is currently a 
clinieal instructor. He did his residency 
at Bellevue Hospital Center at the New 
York University School of Medicine in 
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New York City. Dr Pacheco did her 
fellowships in pediatric ophthalmology 
and strabismus as well as in plastic sur- 
gery at the Wilmer Institute and her 
residency at the Bascom Palmer Eye 
Institute in Miami, Fla. Dr Vinores re- 
ceived his doctorate in zoology from the 
University of Texas, Austin, and was a 
staff fellow in the Laboratory of Devel- 
opmental Neurobiology at the National 
Institute of Child Health and Human 
Development. Prior to his appointment 
to the Wilmer Institute, he was a re- 
search assistant professor in the depart- 
ment of ophthalmology at the Universi- 
ty of Virginia, Charlottesville. 


John S. Parker, MD, Joins Faculty 
at the University of Alabama.—John 
S. Parker, MD, has joined the Universi- 
ty of Alabama at Birmingham—Eye 
Foundation Hospital Combined Pro- 


gram in Ophthalmology. Dr Parker 


completed his residency at the Univer- 
sity of Alabama, and returns to Ala- 
bama from the Wilmer Eye Institute at 
The Johns Hopkins Medical Institutions 
in Baltimore, Md, where he was a fellow 
in cornea and external disease. He has 
been appointed instructor in the De- 
partment of Ophthalmology at the Uni- 
versity of Alabama and will serve as 
director of the Cornea Service there. 
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Arnall Patz, MD, Awarded Howe 
Medal. — The American Ophthalmolog- 
ical Society has awarded its Lucien 
Howe Medal to Arnall Patz, MD, pro- 
fessor emeritus of ophthalmology and 
former director of the Wilmer Eye In- 
stitute at The Johns Hopkins Hospital in 
Baltimore, Md. In addition to his other 
contributions to ophthalmology, the 
award recognizes Dr Patz’s studies in 





Arnall Patz, MD 


the 1950s on the role of oxygen in reti- 
nopathy of prematurity (for which he 
received the Lasker Award) and his 
participation in the early development 
of the argon laser. The Howe Medal, the 
only honor award of the American Oph- 
thalmological Society, is given in recog- 
nition of lifetime achievement in the 
field. The first medal was awarded in 
1922 to Dr Carl Koller for his discovery 
of cocaine as a local anesthetic in oph- 
thalmic surgery. 





Obituaries 


BECHTEL, Edward J., 66, Newport 
Beach, Calif; University of Southern 
California School of Medicine, 1952; res- 
idency, Massachusetts Eye and Ear In- 
firmary, 1957; certified by the Ameri- 
can Board of Ophthalmology; died 
January 14, 1991. 


BOND, Floyd Melbourne, 86, San Die- 
go, Calif; Rush Medical College of Rush 
University, 1932; residency, Moffitt 
University of California Hospitals, 
1935; certified by the American Board of 
Ophthalmology; died February 4, 1991. 


CHAMBERS, Wallace Lee, 84, Shel- 
byville, Tenn; University of Tennessee, 
Memphis, College of Medicine, 1934; 
died July 14, 1990. 


GOSTIN, Seymour Bernard, 74, Dal- 
las, Tex; New York University School 
of Medicine, 1940; residency, Veterans 
Affairs Hospital, McKinney, Tex, 1949; 
certified by the American Board of Oph- 
thalmology; died December 27, 1990. 


HICKMAN, Lester Earl, 38, Arling- 
ton, Tex; University of Texas South- 
western Medical Center at Dallas, 1977; 
residency, University of Texas South- 
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western Medical School Affiliated Hos- 
pitals, 1980; certified by the American 
Board of Ophthalmology; died Decem- 
ber 31, 1990. 


HUMPHRIES, Marion K., 79, Char- 
lottesville, Va; University of Virginia 
School of Medicine, 1937; residency, 
University of Virginia Hospitals, 1941; 
certified by the American Board of Oph- 
thalmology; died January 26, 1991. 


IVY, Henry Berry, 78, Springfield, 
Mo; University of Kansas Medical Cen- 
ter, School of Medicine, 1945; residen- 
cy, Henry Ford Hospital, 1952; certified 
by the American Board of Ophthalmolo- 
gy; died January 25, 1991. 


KALIL, Harvey Haik, 61, Gulfport, 
Miss; Louisiana State University 
School of Medicine in New Orleans, 
1954; residency, Charity Hospitals of 
Louisiana, Louisiana State University, 
1961; died November 10, 1990. 


LANG, Richard E., 75, Passaic, NJ; 
Hahnemann University School of Medi- 
cine, 1940; residency, United Hospitals 
Medical Center, 1950; died October 5, 
1990. 


LOWENSTEIN, Harold H., 83, Co- 
lumbia, SC; Cornell University Medical 
College, 1933; residency, New York 
University Medical Center, 1939; certi- 
fied by the American Board of Ophthal- 
mology; died January 6, 1991. 


MUIR, Everett B., 92, Murray, Utah; 
Dalhousie University, Facility of Medi- 
cine, 1925; residency, University of Cin- 
cinnati Hospital, 1939; certified by the 
American Board of Ophthalmology; 
died December 10, 1990. 


PASSMORE, Jack Webster, 68, La 
Mesa, Calif; University of Kansas Medi- 
cal Center, School of Medicine, 1948; 
residency, Walter Reed Army Medical 
Center, 1954; certified by the American 
Board of Ophthalmology; died Novem- 
ber 24, 1990. 


RENTSCHLER, Henry D., 89, Sayre, 
Pa; University of Pennsylvania School 
of Medicine, 1925; died January 7, 1991. 


RUSSELL, Robert McCurdy, 69, Ha- 
gerstown, Md; Duke University School 
of Medicine, 1945; residency, Universi- 
ty of Pittsburgh Medical Center, 1958; 
died December 8, 1990. 
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Polytrim® Ophthalmic Solution Sterile 
(trimethoprim sulfate and polymyxin B sulfate) 





INDICATIONS AND USAGE: Polytrim Ophthalmic Solution is 
indicated in the treatment of surface ocular bacterial infections, 
including acute bacterial conjunctivitis, and blepharoconjunc- 
tivitis, caused by susceptible strains of the following microor- 
ganisms: Staphylococcus aureus, Staphylococcus epidermidis, 
Streptococcus pneumoniae, Streptococcus viridans, Haemophilus 
influenzae and Pseudomonas aeruginosa* * Efficacy for this or- 
ganism in this organ system was studied in fewer than 10 infec- 
tions. CONTRAINDICATIONS: Polytrim Ophthalmic Solution is 
contraindicated in patients with known hypersensitivity to any 
of its components. WARNINGS: NOT FORINJECTION INTO THE 
EYE. If asensitivity reaction to Polytrim occurs, discontinue use. 
Polytrim Ophthalmic Solution is not indicated for the prophylaxis 
or treatment of ophthalmia neonatorum. PRECAUTIONS: 
General: As with other antimicrobial preparations, prolonged 
use may result in overgrowth of nonsusceptible organisms, 
including fungi. If superinfection occurs, appropriate therapy 
should be initiated. Information for Patients: Avoid contam- 
inating the applicator tip with material from the eye, fingers, or 
other source. This precaution is necessary if the sterility of the 
drops is to be maintained. If redness, irritation, swelling or pain 
persists or increases, discontinue use immediately and contact 
your physician. Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Carcinogenesis: Long-term studies in animals to 
evaluate carcinogenic potential have not been conducted with 
polymyxin B sulfate or trimethoprim. Mutagenesis: Trimetho- 
prim was demonstrated to be non-mutagenic in the Ames assay. 
In studies at two laboratories no chromosomal damage was 
detected in cultured Chinese hamster ovary cells at concentra- 
tions approximately 500 times human plasma levels after oral 
administration; at concentrations approximately 1000 times 
human plasma levels after oral administration in these same cells 
a low level of chromosomal damage was induced at one of the 
laboratories. Studies to evaluate mutagenic potential have not 
been conducted with polymyxin B sulfate. Impairment of Fer- 
tility: Polymyxin B sulfate has been reported to impair the 
motility of equine sperm, but its effects on male or female fertility 
are unknown. No adverse effects on fertility or general reproduc- 
tive performance were observed in rats given trimethoprim in 
oral dosages as high as 70 mg/kg/day for males and 14 mg/kg/day 
for females. Pregnancy: Teratogenic Effects: Pregnancy 
Category C. Animal reproduction studies have not been 
conducted with polymyxin B sulfate. It is not known whether 
polymyxin B sulfate can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Trimetho- 
prim has been shown to be teratogenic in the rat when given in 
oral doses 40 times the human dose. In some rabbit studies, the 
overall increase in fetal loss (dead and resorbed and malformed 
conceptuses) was associated with oral doses 6 times the human 
therapeutic dose. While there are no large well-controlled studies 
on the use of trimethoprim in pregnant women, Brumfitt and Pur- 
sell, in a retrospective study, reported the outcome of 186 preg- 
nancies during which the mother received either placebo or oral 
trimethoprim in combination with sulfamethoxazole. The inci- 
dence of congenital abnormalities was 4.5% (3 of 66) in those who 
received placebo and 3.396 (4 of 120) in those receiving trimetho- 
prim and sulfamethoxazole. There were no abnormalities in the 
10 children whose mothers received the drug during the first 
trimester. In a separate survey, Brumfitt and Pursell also found 
no congenital abnormalities in 35 children whose mothers had 
received oral trimethoprim and sulfamethoxazole at the time of 
conception or shortly thereafter. Because trimethoprim may 
interfere with folic acid metabolism, trimethoprim should be used 
during pregnancy only if the potential benefit justifies the poten- 
tialrisk tothe fetus. Nonteratogenic Effects: The oral adminis- 
tration of trimethoprim to rats at a dose of 70 mg/kg/day com- 
mencing with the last third of gestation and continuing through 
parturition and lactation caused no deleterious effects on gesta- 
tion or pup growth and survival. Pediatric Use: Safety and 
effectiveness in children below the age of 2 months have not been 
established (see WARNINGS). ADVERSE REACTIONS: The most 
frequent adverse reaction to Polytrim Ophthalmic Solution is local 
irritation consisting of transient burning or stinging, itching or 
increased redness on instillation. These reactions occur in less 
than 4 of 100 patients treated. Polytrim has a low incidence of 
hypersensitivity reactions (less than 2 of 100 patients treated) 
consisting of lid edema, itching, increased redness, tearing and/or 
circumocular rash. Although sensitivity reactions to trimethoprim 
are rare, an isolated incident of photosensitivity was reported 
in a patient who received the drug orally. 
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Ocular Anti-Infective 
Therapy? 


Polytrim Ophthalmic Solution, contai 
the antimicrobial agent trimethoprim, ist he 
new ophthalmic anti-infective to app eal 
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aureus, Haemophilus influenzae and 
Pseudomonas aeruginosa.! In vitro data are not 
always predictive of clinical results. 

Polytrim Solution is well-tolerated, 
demonstrating no corneal toxicity in clinical 
trials. In a study involving over 800 patients, 
the incidence of hypersensitivity reactions was 
less than 2%. And that can mean better patient 
acceptance. 

So for effective, yet gentle, ocular anti- 
infective therapy, choose new Polytrim Solution. 

_ And experience well-tolerated, broad- 
spectrum ophthalmic coverage as you never 
have before. 
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Editorials 


The 75th Anniversary of the American 


Board of Ophthalmology 


F he American Board of Ophthalmology (ABO) was 
established in 1916. Then, as now, the growth of 
specialty medicine was directly related to the advances 
of medical science and to the benefits these advances 
have brought to patients since the turn of the century. 
More recently, a technologic revolution has restored 
vision to countless patients with cataracts. Less publi- 
cized, but equally important, are the therapeutic mea- 
sures available to patients by physicians practicing sub- 
specialties of ophthalmology. 

But progress has sometimes been slow. Physicians 
even at the turn of the century were aware that there 
was no system to assure the public that a physician 
claiming to be a specialist was so qualified. Each physi- 
cian was the sole assessor of his (or, much less often, 
her) qualifications to practice a given specialty. 

In the first few years after 1900, there were informal 
discussions about the need for some type of certification 
in ophthalmology, but it was not until Derrick Vail, Sr, 
MD, proposed a specialty board in his 1908 presidential 
address to the American Academy of Ophthalmology 
and Otolaryngology that the wheels began to turn. Vail 
emphasized the need for education, training, and ex- 
amination in the specialty, deploring the tendency of 
graduates of 4- to 6-week postgraduate programs to 
declare themselves oculists. 

Several years later, a committee of the American 
Ophthalmological Society recommended the develop- 
ment of a training and examination program. In 1915, a 
joint committee comprising members of the American 
Ophthalmological Society, the ophthalmology section 
ofthe American Medical Association, and the American 
Academy of Ophthalmology and Otolaryngology rec- 
ommended the establishment of a board to develop an 
examination for those who desired to practice ophthal- 
mology exclusively —this was at a time when ophthal- 
mologists and otolaryngologists combined numbered 
only 750 in a country of 92 million. In effect, these three 
organizations were the progenitors of the ABO. A com- 
plete history of the board detailing these events has 
been written.’ 

Those ophthalmologists who played key roles are 
listed in the minutes of that 1915 meeting (Fig 1). Of 
particular note is Edward Jackson, MD, whose contri- 
butions to ophthalmology are legendary. Jackson was a 
driving force behind the first certifying board. He had 
written about the subject in 1911, stimulating Samuel 
Risley in Philadelphia to echo Vail’s comments of 
3 years earlier regarding the 4- to 6-week postgraduate 
student. Jackson noted that the experience of the Royal 
College of Surgeons and the Royal College of Physi- 
cians pointed the way to a practical certification 
system. 
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It should be remembered, however, that before 1916 
only a few residency training programs existed in the 
United States. These were at the New York (NY) Eye 
and Ear Infirmary; the Manhattan (NY) Eye and Ear 
Hospital; the Massachusetts Eye and Ear Infirmary in 
Boston; the Wills Eye Hospital in Philadelphia, Pa; and 
the Illinois Eye and Ear Infirmary in Chicago. For 
those who went abroad, the training in Vienna, Aus- 
tria, was probably the most highly regarded. Most of 
the teaching was conducted by young Viennese oph- 
thalmologists hoping to become docents. By teaching 
Americans, they could supplement their income. Those 
who did not speak English well were quickly boycotted 
by the Americans. In general, the teaching was good. 
Moorfields Eye Hospital in London, England, the Uni- 
versity of Edinburgh, Scotland, and other centers in 
Europe also offered instruction. Another method of 
training was through preceptorship, an avenue that 
endured until 1972. 

Four months before America entered World War I, 
the first examinations by the board were held in Linds- 
ley Hall of the College of Medicine of the University of 
Tennessee at Memphis, on December 13 and 14, 1916. A 
written examination was conducted on the evening of 
December 13, and a practical, clinical examination, 
both written and oral, was held the following day from 
9:30 AM to 1:30 PM. There were 10 candidates. Seven 
passed the examinations, and three failed. Three others 
were certified on the basis of their training. As can be 
seen in the 1916 certificate (Fig 2), the actual name of 
the board at that time was the American Board for 
Ophthalmic Examinations. The name was changed to 
the American Board of Ophthalmology in 1933. 

The establishment of the ABO created a template for 
other boards, but not until 1924 was the American 
Board of Otolaryngology incorporated, followed by the 
American Board of Obstetrics and Gynecology in 1930 
and the American Board of Dermatology and Syphilolo- 
gy in 1932. 

During the board's first 25 years, years of great 
dedieation and perseverance among board members, 
the clinieal examination became an important part of 
the certifying process. It continues so today as the oral 
examination. The written examination, on the other 
hand, was discontinued and then reintroduced several 
times. Not until the early 1950s did it finally become a 
fixed part of the examination. This was followed by the 
introduction of multiple choice questions on examina- 
tions in 1958, when the board was under the direction of 
Francis Heed Adler, MD.’ 

Adler made many contributions to the board and had 
a unique percipience. In a 1973 address in Wilmington, 
Del, he correctly noted that “recertification will never 
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THE MINUTES of the meeting of the Joint Board of 
Examinere on Ophthalmology, appointed upon action 
of the three societies, American Ophthalmological 
Society, Section on Ophthalmology of the American 
Medical Assooiation and the American Academy of 
Ophthalmology and Oto-Laryngology. 


-590099909989*9009099200*7€9 
The meeting held at the Univereity Club in Chicago, 
of examiners 
Thureday afternoon, Ootober 7, 1915. The Board/;oonsisted of the following 


appointees representing! 


Seotion on Ophthalmology 
of the ^,M.^. 


American Academy of Ophthal. American Ophthalmological 
ox MEME eee 


Dr. Edeard Jackson B yrs. Dr. Wendell Reber & yrs. Dr. Miles Standish 5 yre. 
Dr. Hiram Woods 2 yrs Dr. W.B. Lanoaster 2 yre. Dr. Alex. Duane 2 yra. 
Dr. B.C. Ellett l yr. Dr. Frenk C. Todd lyr. Dr, Wa. E. Wilder 1 yr. 
There were present at thie mecting Drs. Edvard Jackson, Miles Standish, 
Em. H. Wilder, E. C. Ellett, Walter B. Lancaster, and Frank C, Todd. Upon 
motion it was 
Voted that Dr. Jackeon be made temporary Chairman. Upon 
motion it was 
Voted that Dr. Todd be made temporary Secretary. 
Dr. Jeckson then rend a letter from Dr. Duane making 
eu. veetions regarding & proposed organization and ite plan of work. (Letter 
attached) These suy,estions were discussed and it was 
Voted that a committee on organization and financial support 
be appointed. Dre. Jakoson, Ellett, snd Duane were appointed. 

It was suy. ested among other things that the support should 
come largely from candidates, but it was thought that a part of the initial 
support might come from the three sooleties represented. 

It wss agreed that mcture consideration should be given all 
questi-ns and that the various comsit' easinoluding the organization comaittee 
should report next Ray, 1916 at Washington, D.O. at the time of the meeting 
of Congrese and 





Fig 1.—Minutes of the meeting held at the University Club in 
Chicago, Ill, on October 7, 1915. 


win friends among doctors." The board learned this 
lesson when it subsequently announced time-limited 
certifieation. However, changes in states where reli- 
censure may become necessary, such as New York, 
have made this decision more acceptable. Recertifica- 
tion will differ from certification on completion of resi- 
deney in that several pathways to relicensure will be 
offered. 

As with any board, the stability and growth of the 
ABO have depended in large part on its executive 
directors. (The original title of secretary-treasurer was 
changed to executive directorin 1986.) Board members 
and officers come and go, but the executive director 
lends continuity. I believe it is important to recognize 
the holders of this office: Frank C. Todd, MD; William 
H. Wilder, MD; John Green, MD; Edwin B. Dunphy, 
MD; Merrill J. King, MD; Francis H. Adler, MD; Rob- 
ert N. Shaffer, MD; and William H. Spencer, MD. 

All have filled the position with distinction. The 
board has had a series of remarkable registrar/adminis- 
trators. These include Lea Stelzer, who came to this 
country from Germany at age 3 years in 1899. Always 
devoted and helpful to the candidates, Stelzer served 
the board from 1924 to 1968. She was followed by Emily 
Anne McDonald, who in 1970 married Adler, at that 
time the board’s executive director. She was adminis- 
trator from 1968 to 1980. The board is now fortunate to 
have Mary R. Ladden as its administrator and Rita B. 
Ladden as associate administrator. They are ably as- 
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Fig 2.— First certificate offered by the board in 1916. 


sisted by an outstanding staff that includes Patricia J. 
Dillon, Christie A. Wisdo, Helen S. Wilson, and Ben 
Goldfeller. 

After 75 years, the ABO still has the mission of 
certifying to the publie that an individual, on satisfac- 
tory completion of an approved residency, is qualified 
to minister to the publie. Although an examination is 
part of the rite of passage, the board is committed now, 
as it was at its inception, to validating education. How- 
ever, instead of 750 ophthalmologists and otolaryngolo- 
gists, as was the number in 1916, we now have more 
than 15 500 ophthalmologists alone, 14 700 of whom are 
board certified, serving a population that had grown to 
approximately 249 million in 1990. 

The board has attempted to keep pace with advance- 
ments in knowledge, technology, and quality of patient 
care. One has only to recall that in 1916 ophthalmoscopy 
was in its infancy. Although Hermann Ludwig Ferdi- 
nand von Helmholtz had invented the ophthalmoscope 
in 1851, its use remained impractical until the introduc- 
tion of the battery-powered version of the instrument 
in 1913.° The cataract removal procedures learned in 
Vienna after World War I were primitive compared 
with today’s microsurgical techniques. The same is true 
of the treatment of corneal, retinal, and anterior seg- 
ment diseases. Undoubtedly, the next 75 years will 
bring even more dramatic advances. As the certifying 
body for ophthalmology, the ABO looks forward to 
continuing its role in setting the standards for ethical, 
humane, and state-of-the-art practice. 


WILLIAM TASMAN, MD 
Philadelphia, Pa 


I thank Mary Ladden and Rita Ladden, of the ABO, and Sarah 
Johnston, of the American Academy of Ophthalmology, for providing 
historical data for this editorial. 
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Editorials 


Outcomes of Eye Care From Medicare Data 


C linical research in ophthalmology has increasingly 
shifted from isolated case reports and retrospec- 
tive analyses of case series to randomized prospective 
trials and cross-sectional population-based studies of 
eye disease, enabling investigators to draw broadly 
applicable inferences about treatment, disease preva- 
lence, and risk factors. Because clinical trials and popu- 
lation-based studies consume considerable scarce re- 
search resources in terms of research funds, personnel, 
and space, they are appropriately employed only to 
answer questions of major interest that cannot be an- 
swered through other means. In proper circumstances, 
the implementation of recommendations resulting from 
multicenter trials can generate positive economic and 
clinical outcomes.” 

a 

See also p 1085. 

en a cont oe ke 

Study of the outcomes and effectiveness of medical 
care (so-called outcomes research) based on insurance 
databases and similar secondary sources shows prom- 
ise for studying issues not practically addressed by 
clinical trials and population-based studies. At compar- 
atively lower cost and research resource consumption, 
outcomes research can provide an overview of specific 
treatment modalities throughout the country and point 
to variations in treatment and in the outcomes of that 
treatment. This may provide the study hypothesis for a 
subsequent trial or may yield clinically applicable con- 
clusions on its own. We recently presented data on the 
rate of rehospitalization for retinal detachment follow- 
ing cataract extraction and in this issue present data on 
rehospitalization for endophthalmitis.’ These studies 
are based on the Medicare records of all 338 141 Medi- 
care beneficiaries aged 65 years and older who were 
hospitalized for cataract extraction in 1984. The rate of 
rehospitalization (1.55%) for retinal detachment during 
the 4 years following intracapsular surgery was more 
than one and one half times the risk associated with 
extracapsular cataract extraction (0.9%). This is hardly 
a surprising finding and is consistent with the teaching 
of most ophthalmology residency programs. 

Several surprising findings emerged from this study, 
however, that point out the unique strengths of out- 
comes research. First, the likelihood of rehospitaliza- 
tion for retinal detachment in all groups of patients 
studied was quite low and substantially less than most 
rates reported in the ophthalmologic literature from 
retrospective case series. Second, the rate of rehospi- 
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talization for retinal detachment following phacoemul- 
sification (1.12%) was also higher than that following 
extracapsular extraction. Third, patients who under- 
went anterior vitrectomy for vitreous loss at the time of 
cataract extraction were four and one half times more 
likely to be rehospitalized for retinal detachment than 
those who underwent all types of cataract extraction 
with no concurrent vitrectomy (5.0% vs 1.12%). Last, 
younger patients undergoing cataract extraction were 
at greatest risk of subsequent retinal detachment, re- 
gardless of surgical modality. 

Perhaps the most important strength of outcomes 
research is its inherent ability to detect differences in 
the rate of rare events. Serious complications of oph- 
thalmologic care are rare events. Achieving 90% power 
(B =.1) to detect the above difference between intra- 
capsular and extracapsular surgery requires that 
15 000 patients be followed up in each group, a daunting 
task for any institution.* 

The discrepancy between outcomes of care in the 
Medicare data set and those reported in the ophthalmo- 
logic literature suggests that the patients or surgery 
studied in the two sources may differ The 338 141 
Medicare beneficiaries are likely to be representative of 
all elderly US patients and to have been operated on by 
a representative sample of ophthalmologists. While an 
inpatient data file was used, 1984 was a year in which 
50% of cataract surgery in the United States was per- 
formed on an inpatient basis. 

In contrast, the largest literature report consisted of 
5870 patients from a single center. Since all 5870 charts 
were reviewed manually, this is certainly a monumen- 
tal achievement. Nevertheless, retrospective case se- 
ries generally reflect the experience in a single institu- 
tion, frequently an academic referral center, in which 
patients are likely to have ophthalmologic comorbidi- 
ties and other underlying factors that predispose them 
to higher complication rates. Additionally, case series 
are frequently published to record the experience of the 
first cohorts of patients to undergo a particular inter- 
vention. Thus, the outcome of these patients may differ 
from that of patients exposed to a more mature technol- 
ogy. 

Patients identified in the Medicare database by defi- 
nition are representative of the national experience for 
persons aged 65 years and older. In most cases, they 
receive treatment that represents the current standard 
of care (in 1984, nearly two thirds of patients underwent 
extracapsular extraction and one third of patients un- 
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derwent intracapsular extraction). 

The higher rate of retinal detachment associated 
with phacoemulsification is a surprising finding that 
was previously unreported in the literature. In 1984, 
phacoemulsification was a new technology for most 
ophthalmologists. However, a clinical trial to detect the 
difference we observed in retinal detachment rates 
would have been impossible. While some would argue 
that any new technology requires a clinical trial prior to 
introduction, only a trial consisting of 35 000 patients 
randomized to each type of surgery would have 90% 
power to detect the difference in the retinal detachment 
rate observed. Assuming costs proportional to those of 
other multicenter trials, this 70 000-patient trial would 
have consumed nearly $600 million, twice the entire 
1984 extramural research budget of the National Eye 
Institute. 

While the difference in retinal detachment rates as- 
sociated with phacoemulsification is small, it is hardly 
trivial. Given the 1.3 million cataract extractions per- 
formed annually in the United States, this difference of 
0.0022% in the rate of subsequent retinal detachment 
translates into 2860 sight-threatening complications re- 
quiring expensive and uncomfortable surgery with less 
than perfect success. Since the 1984 data set covers an 
early year in the development of phacoemulsification, 
surveillance of later years is required before definitive 
conclusions can be drawn. This research is currently an 
activity of the Patient Outcomes Research Team on 
cataract.’ 

The higher rate of retinal detachment in patients who 
suffer vitreous loss has previously been suggested in 
the literature. In addition to providing confirmation ofa 
widely held clinical belief, outcomes research offers the 
potential to study variations in the rate of vitreous loss 
and detect subgroups of patients, management strate- 
gies, or medical providers associated with a higher risk 
of intraoperative vitreous loss so that preventive action 
can be planned. 

The finding that younger patients were at increased 
risk of rehospitalization following retinal detachment 
was suspected, but not proved in the literature. By 
sampling from a large and representative sample of 
patients, outcomes research offers an opportunity to 
study underlying risk factors, such as age, race, and 
medical comorbidities. Obtaining sample sizes ade- 
quate to stratify patients on multiple risk factors in 
addition to surgical approach is impossible through oth- 
er means. 

In addition to the considerable strengths of outcomes 
research, there are substantial limitations, which are 
discussed in greater detail in our first report.’ The 
major limitation is that an insurance claims database, 
such as Medicare, contains information about each pa- 
tient that is limited to demographic data, diagnoses on 
hospital discharge, procedures performed, and related 
charges. No information is available from this source on 
visual acuity or function, the two most important out- 
comes of care. While work is under way to devise means 
of collecting these data, visual and functional outcomes 
of care are not likely to appear in national databases 
until the middle of the decade. 
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The accuracy of insurance claims databases remains 
an issue. A report from Hsia and colleagues" suggests 
that there may be an 11% miscoding rate of diagnoses 
on Medicare hospital records. Since our findings are 
based on the relative risk of complications associated 
with two or more types of surgery, an 1146 across-the- 
board error rate would not affect the validity of the 
conclusions. This level of error might not be tolerable 
for all analyses. Again, work is under way to improve 
the accuracy of the claims database, but it will not have 
an immediate effect. 

A further limitation in studying the outcomes of oph- 
thalmologie care is that the Medicare database includes 
limited information on which eye underwent surgery or 
suffered a complication. Therefore, patients must be 
withdrawn from observation at the time of any surgery 
subsequent to the index cataract surgery to avoid possi- 
ble ambiguity and misattribution of outcomes. 

The last major limitation in outeomes research is 
technological. Analysis of large data sets requires con- 
siderable computer resources in hardware and pro- 
gramming personnel. A single year of the Medicare- 
Part B data set consists of 3500 megabytes of informa- 
tion that must be stored, reduced to analysis files, and 
further studied. University computer centers are often 
unable to provide adequate resources for a task of this 
magnitude, and personal computers are obviously inad- 
equate. Until computer technology advances, out- 
comes research will not be practical in many settings. 

In spite of these limitations, outcomes research 
based on insurance claims databases offers new and 
unique opportunities to confirm clinical hypotheses re- 
garding new outcomes of care, detect potential advan- 
tages or disadvantages of emerging technologies of 
care, study infrequent events that cannot be addressed 
via clinical trials and population-based studies, and per- 
form multivariate analyses of potential risk factors that 
may influence outcome. As outcomes research matures 
in technology and sophistication it will become an in- 
creasingly essential component of our research 
armamentarium. 


JONATHAN C. JAVITT, MD, MPH 
Washington, DC 


The author has no proprietary interest in this work. 
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Editorials 


Expedited Publication 


Endogenous Candida Endophthalmitis After 
Intravenous Anesthesia With Propofol 


Mark J. Daily, MD; James B. Dickey, MD; Kirk H. Packo, MD 


è Propofol is an intravenous anesthetic agent that was ap- 
proved by the US Food and Drug Administration in October 1989. 
It has gained rapid acceptance and is in widespread use. In June 
1990, the Centers for Disease Control reported four clusters of 
postsurgical infections associated with the use of propofol. We 
describe one of those clusters, consisting of four cases of en- 
dogenous Candida albicans endophthalmitis. These infections 
occurred in nonimmunocompromised patients after they had 
undergone nonophthalmologic surgery in which propofol had 
been used as anesthesia. An investigation by the Centers for 
Disease Control concluded that the infections in these patients 
were due to extrinsic contamination of propofol during prepara- 
tion for use at the hospital. Ophthalmologists should be aware of 
this new potential source of endogenous endophthalmitis. 

(Arch Ophthalmol. 1991;109:1081-1084) 


| E. June 1990, the Centers for Disease Control's Cen- 

ter for Infectious Diseases reported four clusters of 
postsurgical infections in the United States.' All cases 
were associated with the use of propofol (Diprivan, 
Stuart Pharmaceuticals, Wilmington, Del), a newly re- 
leased intravenous anesthetic agent that received Food 
and Drug Administration (FDA) approval in October 
1989. Four patients at one hospital in Illinois developed 
blood-borne infections following different surgical pro- 
cedures performed within a 5-day period. Each of these 
patients developed endogenous Candida albicans 
endophthalmitis. 

Endogenous Candida endophthalmitis is usually 
seen in a specific setting of predisposed patients. Im- 
munocompromised patients, intravenous drug abus- 
ers, and chronically ill patients with indwelling intrave- 
nous catheters constitute the most likely candidates for 
endogenous Candida endophthalmitis. None of the pa- 
tients in this group in Illinois had these risk factors, 
which made diagnosis of the infection more difficult and 
delayed treatment in some instances. 

This report is presented to alert the ophthalmic com- 
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munity of the possibility that unlikely candidates for 
endogenous endophthalmitis may present with signs 
and symptoms of endophthalmitis acquired iatrogeni- 
cally in a hospital setting. 


REPORT OF CASES 


Four patients developed endogenous C albicans endophth- 
almitis following uncomplicated surgery (Table). None of the 
patients was immunocompromised, and all were in otherwise 
good health. General anesthesia was induced in each patient 
with an intravenous bolus of propofol, and was maintained 
with propofol in three patients. All patients developed fever 
within the first 24 hours after surgery and received systemic 
antibioties for a 2- to 10-day interval after surgery. Blood 
cultures were obtained from patients 1 and 3; they were 
negative in patient 1 and positive for C albicans in patient 3. 

The onset of floaters and blurred vision began about 7 days 
after surgery in all patients. Inflammation of the anterior 
chamber and vitreous was present in the more severely in- 
volved eye of each patient, and focal areas of retinitis were 
present in seven of the eight eyes (Figs 1 through 6). Two 
patients were initially treated with topical steroids for iritis. 
Pars plana vitrectomy and intraocular cultures confirmed the 
diagnosis of Candida endophthalmitis in three patients. Pa- 
tient 3 was diagnosed with candidiasis by blood culture, and 
received systemic antifungal therapy before the diagnosis of 
endophthalmitis was made. Vitrectomy was not performed in 
patient 3. 

Treatment consisted of oral flucytosine alone in patient 3, 
intravenous amphotericin B in patient 1, and combined intra- 
vitreal and intravenous amphotericin B in patients 2 and 4. 
Placement of a subclavian catheter for administration of am- 
photeriein B was necessary for patient 3. All patients 
achieved good final visual acuity with medical therapy alone 
or in combination with pars plana vitrectomy. 


COMMENT 


Propofol was introduced in the United States in Octo- 
ber 1989 after widespread use in England since 1986. 
Popularity of the drug arose from its versatility and the 
favorable pharmacokinetics that make it a clear choice 
for use in outpatient surgery.” It may be used to rapid- 
ly and smoothly achieve induction of anesthesia with 
bolus injection or to maintain continuous anesthesia 
with either repeated bolus injections or constant drip 
infusion.*” Propofol has been shown to be at least equal 
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Postsurgical day/ 
Site of Candida 
Albicans isolation 

10/ vitreous 
10/facial pustules 


Procedure in 
Which Propofol 
was Used 


Knee ligament repair 


Patient No./ 
Age, y/Sex 
1/28/M 




















2/59/F Bilateral eyelid 
reconstruction, eyebrow 
lift, rhytidectomy, and 


facial liposuction 


25 / vitreous 









1/blood 
3 / blood 
3/surgical wound 


3/71/F Internal carotid 


endarterectomy 













4/35/F Dilatation and curretage of 46 / vitreous 


uterus 


* CF indicates counting fingers. 


Clinical Features of Four Patients With PropofoFLinked Endophthalmitis 





10/eyelid surgical wounds 


Visual Acuity Visual 
at Diagnosis Acuity After 
of Endophthalmitis Treatment Treatment 
20/20 (R) 20/20 (R) Intravenous amphotericin B 
20/400 (L) 20/30 (L) 











20/20 (R) 
3/300 (L) 


20/20 (R) 
20/40 (L) 


Intravitreal and intravenous 
amphotericin B 

















20/50 (R) 
20/40 (L) 


20/30 (R) 
20/30 (L) 


Oral flucytosine 












Intravitreal and intravenous 
amphotericin B 


CF (R)* 
20/20 (L) 


20/25 (R) 
20/20 (L) 











Fig 1.— Case 1. A focal inflammatory lesion with surrounding 
hemorrhage is seen in the right eye near the superior temporal 
arterial arcade (arrow). 


to any of the intravenous or inhalant anesthetics cur- 
rently in use in achieving anesthesia.” When used in 
total intravenous anesthesia, the potential environ- 
mental and health hazards of volatile inhalant anesthet- 
ies were obviated.*® When compared with other intra- 
venous anestheties, propofol had the advantage over 
methohexital sodium and etomidate of a much more 
rapid recovery time.’ A lower incidence of postopera- 
tive nausea and vomiting with propofol compared with 
thiopental sodium has been reported.*" In addition, like 
all the intravenous anesthetics, propofol does not pro- 
vide analgesia, but unlike thiopental and other barbitu- 
rates, propofol does not increase the sensitivity to so- 
matic pain.” 

Propofol (2, 6-diisopropylphenol) is chemically unre- 
lated to all other intravenous anesthetics. It is an alkyl- 
ated phenol, and is therefore only slightly soluble in 
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Fig 2.—Case 1. Two focal areas of retinitis in the left eye. 


water, existing in the form of an oil at room tempera- 
ture. Therefore, this medication must be solubilized in 
an aqueous carrier for clinical use. In sharp contrast, 
most of the other intravenous anesthetic agents (ie, 
barbiturates; opioids; aryleyclohexylamines; imidaz- 
oles; and benzodiazepines, with the exception of emulsi- 
fied diazepam) are water soluble and do not require 
mixture with organic material. Propofol is supplied as a 
1% solution in an aqueous emulsification of 10% soybean 
oil, 2.25% glycerol, and 1.2% purified phosphatide (sim- 
ilar to the commercially available fat emulsion [Intrali- 
pid, KabiVitrum Ine, Clayton, NC |." 

Organic material, such as fat emulsification, when 
kept at room temperature, may provide an excellent 
culture medium for introduced organisms. Propofol 
contains no preservatives, and refrigeration is not rec- 
ommended by the manufacturer. 
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Fig 3.—Case 1. Multiple acnelike vesicles and pustules on the 
face. Culture from the lesions yielded Candida albicans. 


Fig 4.—Case 3. A focus of retinal inflammation with overlying 
vitreous microabscesses is seen in the right eye. 


The anesthetic is currently available in 20-mL vials. 
The medication must be withdrawn from the vial into a 
syringe for intravenous injection. When administered 
by infusion pump, multiple vials must be opened and 
mixed together, usually in a 60-mL syringe. In antici- 
pation ofa lengthy case, multiple 60-mL syringes might 
be prepared before the procedure is begun. Breaks in 
sterile technique could introduce organisms into the 
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Fig 5.— Case 3. A small patch of retinitis along the superior 
temporal vascular arcade in the left eye (black arrow) is seen 
distal to an area of retinal hemorrhage (white arrow).: 





Fig 6.— Case 4. Postoperative appearance of right eye show- 
ing an epiretinal membrane with retinal striae. 


solution hours before the actual delivery into the blood- 
stream. During that time, replication of organisms 
could occur in a solution that provided for rapid growth. 
Growth studies at the CDC documented that propofol 
acts as an excellent eulture medium for Staphylococcus 
aureus.’ Similarly, Rothman et al" recently demon- 
strated propofol to be a better growth medium for 
C albicans than thioglycolate broth. 
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Inthe past, the practice of reusing syringes to admin- 
ister drugs to multiple patients was known to save time 
and money.^? Surveys of anesthesia personnel in 
1989" showed that 48% to 90% of respondents reused 
syringes. Today, this practice is considered substan- 
dard and particularly dangerous in a setting in which 
organisms may be introduced into an agent capable of 
supporting rapid growth. Injection of this mixture 
hours later with its high content of organisms would 
facilitate the likelihood of clinical infection. In addition, 
animal studies indicate that in the case of C albicans, 
organisms grown at room temperature are more viru- 
lent and likely to disseminate when injected intrave- 
nously than organisms grown at body temperature." 

In June 1990, CDC reported four clusters of postsur- 
gical infections associated with the use of propofol.’ Ata 
hospital in California, five patients developed S awreus 
infection. In Maine, Moraxella osloensis was cultured 
from a propofol solution after two patients developed 
severe fever following surgery. During a 2-week period 
in Michigan, 13 patients were found to have S aureus 
bacteremia or wound infection. 

The CDC investigation led to the conclusion that all 
infections were due to extrinsic contamination during 
preparation for use at the hospitals rather than from 
intrinsic contamination at the time of manufacture. 
Unopened ampules of propofol from each hospital were 
sterile. Each infection at these hospitals could be con- 
nected to one specific anesthetist or anesthesiologist. 
In many instances, aseptic technique was not used in 
the preparation of propofol for use during infusion, and 
syringes used in infusion pumps were used in multiple 
patients. 

Notification of the importance of using aseptic tech- 
nique in the preparation and administration of propofol 
was sent to all anesthesiologists and nurse anesthetists 
in the United States in July 1990 by the manufacturer of 
propofol in conjunction with the FDA. Aseptic tech- 
niques must be maintained in the handling of all intrave- 
nous medications, but they are especially important 
with propofol since the medication contains no antimi- 
crobial preservatives and the vehicle is a potential 
growth medium for microorganisms. Standards for the 
use of intravenous propofol (Diprivan) have been estab- 
lished by the manufacturer to prevent future propofol- 
related postoperative infections. Diprivan should be 
drawn into a sterile syringe immediately after the am- 
pule is opened, and should be administered without 
delay." Each unit of propofol is intended for use in a 
single patient, and the syringe and any unused portion 
must be discarded at the end ofthe surgical procedure. 

In our Illinois cases, an investigation was carried out 
by the CDC. One anesthesiologist was identified as 
having treated all four patients, although, to our knowl- 
edge, no specifie source of the Candida was identified. 
All patients developed postoperative fever, although 
blood cultures were positive in only one patient. All 
patients developed endogenous Candida endophthal- 
mitis, although skin and wound infections were also 
seen. Symptoms of blurred vision occurred in all pa- 
tients, but there was a delay of 1 to 2 weeks from the 
original operations. Because of the lack of usual predis- 
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posing factors, the diagnosis of Candida endophthalmi- 
tis was delayed in some cases. With intraocular and/or 
systemic antifungal therapy all infections resolved with 
reasonably good results. The morbidity of the treat- 
ment, however, was significant and lengthy. 

It remains to be seen whether the warnings about the 
danger of extrinsic contamination will be sufficient to 
prevent further infections. Propofol has rapidly 
achieved widespread use because of its desirable anes- 
thetie qualities. Ophthalmologists should be aware of 
this new potential source of endogenous endophthalmi- 
tis. Postoperative infections in patients that are 
thought to be associated with the use of propofol should 
be reported through state health departments to the 
Epidemiology Branch, Hospital Infection Program, 
Center for Infectious Diseases, CDC. 


The authors certify that they have no affiliation with or financial 
involvement in any organization or entity with a direct financial 
interest in the subject matter or materials discussed in this report. 
The authors do not have any commercial or proprietary interest in the 
produet cr the companies discussed in this report. They have no 
financial interest and do not receive payment as consultants, review- 
ers, or evaluators. 
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National Outcomes of Cataract Extraction 


Endophthalmitis Following Inpatient Surgery 
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e We analyzed the likelihood of re- 
hospitalization for endophthalmitis in 
338 141 Medicare beneficiaries over age 
65 years who were admitted to US hospi- 
tals for cataract extraction in 1984. This 
cohort represents approximately one 
half of all persons who underwent cata- 
ract extraction under the Medicare pro- 
gram in 1984. Extracapsular extraction 
was performed in 195 587 (58%) of cases, 
intracapsular cataract extraction in 
99 971 (30%), and phacoemulsification in 
28 474 (8%). The risk of rehospitalization 
for endophthalmitis in the year following 
surgery was 0.17% for intracapsular cat- 
aract extraction compared with 0.12% for 
extracapsular extraction or phacoemulsi- 
fication (P<.002). The risk of endophthal- 
mitis at 1 month was higher for intra- 
capsular cataract extraction than for ex- 
tracapsular extraction or phacoemulsifi- 
cation (0.11% vs 0.085%), although the 
difference did not reach statistical signif- 


Thre rate of endophthalmitis follow- 

ing cataract surgery has rarely 
been reported, owing to the consider- 
able difficulty of amassing a cohort of 
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icance. Cataract surgery accompanied 
by anterior vitrectomy increased the 
1-month risk of rehospitalization for en- 
dophthalmitis to 0.41%, more than a four- 
fold increase over that for cataract sur- 
gery alone (0.09%; P<.05). The rates of 
endophthalmitis at 1 year were 0.58% 
and 0.13%, respectively, for cataract sur- 
gery with anterior vitrectomy and cata- 
ract surgery alone (P<.0001). No signifi- 
cant differences in the rate of 
rehospitalization for endophthalmitis 
were observed based on the use of an 
intraocular lens, age, or race. Endophth- 
almitis within 1 year of surgery was 1.2 
times more frequent in men than in wom- 
en (0.16% vs 0.13%; P=.03). Overall, the 
likelihood of postoperative endophthal- 
mitis from a national sample is consis- 
tent with case series previously reported. 

(Arch Ophthalmol. 1991;109:1085- 
1089) 


sufficient size for study. Allen and 
Mangiaracine’ reported a 0.086% rate 
(95% confidence interval [CI], 0.056% 
to 0.116%) of endophthalmitis in 36 000 
patients who underwent intracapsular 
cataract extraction (ICCE) at a single 
center. Kattan and coworkers’ report- 





See also p 1079. 





ed a 0.072% (95% CI, 0.043% to 0.12%) 
rate of endophthalmitis following 
extracapsular cataract extraction 
(ECCE) in 23 625 patients at a single 
teaching hospital. Neither of these 
studies is representative of national 
experience. The only potentially repre- 
sentative data are contained in the US 


Food and Drug Administration report 
on intraocular lens implantation that 
indicated a 0.1% (95% CI, 0.04% to 
0.16%) rate of endophthalmitis in a 
sample of 8597 eyes." In addition to the 
small sample size, these data are limit- 
ed by the lack of information on out- 
come of cataract surgery without im- 
plantation of an intraocular lens. 

We identified all Medicare beneficia- 
ries aged 65 years and older who un- 
derwent cataract extraction on an in- 
patient basis in 1984, and used 
Medicare records to identify all rehos- 
pitalizations for endophthalmitis dur- 
ing the subsequent 12 months. With 
this approach we assessed the experi- 
ence of a nationally representative 
population of patients in whom surgery 
was performed by a broad spectrum of 
ophthalmologists. 


MATERIALS AND METHODS 


Data were obtained from the Medical 
Provider Analysis and Review (MEDPAR) 
file maintained by the Health Care Financ- 
ing Administration. This database is cre- 
ated by the Bureau of Data Management 
Strategies of the Health Care Financing 
Administration from edited hospital bills. 
Each record contains the beneficiary's 
unique health insurance claim number (so- 
cial security number and a two-digit modifi- 
er) as well as race, age, date of admission, 
date of discharge, discharge status (alive or 
dead), and amount reimbursed. Up to three 
procedures and five diagnoses may be coded 
for each hospitalization, according to the 
International Classification of Diseases, 
Ninth Revision, Clinical Modification." 

The source of mortality information is 
either the date of hospital discharge when 
the discharge status is “dead,” or the Social 
Security death registry, which includes all 
reported deaths of beneficiaries nationwide. 


Cataract Extraction—Javittetal 1085 





mug, TIT 


3 
| 


V WES 


Medical Provider Analysis and Review re- 
cords are updated for 2 years to reflect 
subsequent deaths. For instance, the 1984 
files contain dates of deaths until March 
1986. 

The 1984 calendar year MEDPAR file 
was searched for hospitalizations indicating 
cataract extraction procedures as defined in 
Table 1. The coding criteria used for identi- 
fying cataract surgery and subsequent 
rehospitalization for endophthalmitis were 
reviewed and approved by the National 
Advisory Board of the Patient Outcomes 
Research Team on Cataract, funded by the 
Agency for Health Care Policy and 
Research. 

The year chosen (1984) was the first year 
in which multiple procedure and diagnosis 
codes were recorded and the last year be- 
fore the mandated shift to outpatient cata- 
ract extraction. Analysis of procedures per- 
formed in hospital outpatient, ambulatory 
surgical center, and office settings requires 
use of the Part-B Medicare Annual Data 
(BMAD) Beneficiary File. Because the 
BMAD was unavailable prior to 1986 and 
only available on a 5% subsample of pa- 
tients, it does not provide an adequate 
sample size for a study of endophthalmitis 
following ICCE vs ECCE. 

Based on the above criteria (Table 1), 
350 068 Medicare beneficiaries were identi- 
fied as having undergone cataract extrac- 
tion on an inpatient basis in 1984. Beneficia- 
ries younger than 65 years (n= 10 386) were 
excluded because their Medicare entitle- 
ment is generally based on end-stage renal 
disease or permanent disability and, hence, 
they are not representative of the US popu- 
lation. Similarly, beneficiaries older than 65 
years with a diagnosis of diabetic retinopa- 
thy (n=1541) were excluded from subse- 
quent analysis. Those who underwent cata- 
ract extraction combined with corneal, 
retinal, or glaucoma procedures (n= 10 475) 
were excluded from analysis because these 
patients represented special instances and 
were atypical of general experience. 

Patients who underwent cataract extrac- 
tion combined with anterior vitrectomy 
(n=3634) were assumed to have required 
vitrectomy as a consequence of intraopera- 
tive vitreous loss. Their records were ana- 
lyzed separately and compared with those 
of patients who underwent cataract extrac- 
tion without intercurrent anterior vitrec- 
tomy. 

Information extracted about the index 
cataract surgery and patient included type 
of cataract extraction (ICCE, ECCE, or 
phacoemulsification [PE]), concomitant 
ophthalmologic procedures (such as corneal, 
glaucoma, or vitreoretinal procedures), 
age, sex, and race. The 1984 and 1985 
MEDPAR files were searched to obtain all 
hospitalization records of each individual for 
the subsequent 12 months. Rehospitaliza- 
tion for endophthalmitis was ascertained 
based strictly on an International Classifi- 
cation of Diseases’ diagnosis code for en- 
dophthalmitis appearing for any of the five 
recorded diagnoses. This approach of using 
hospital discharge records to study patient 
outeomes is similar to that adopted by 
Wennberg and coworkers’ in their study of 
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13.1 Intracapsular extraction of lens 
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Cataract extraction NOS 
Cryoextraction of lens 
Erysiphake extraction of cataract 
Extraction of lens NOS 


360.00 
360.01 
360.02 
360.03 
360.04 
364.03 


Purulent endophthalmitis, unspecified 
Acute endophthalmitis 
Panophthalmitis 

Chronic endophthalmitis 

Vitreous abscess 

Secondary iridocyclitis, infectious 









outcomes following prostatectomy and our 
previously published report on retinal de- 
tachment as an outcome of cataract extrac- 
tion. 

Statistical analysis was conducted using 
Statistical Analysis Systems software ver- 
sion 6.0 (SAS Institute Ine, Cary, NC). 
Life-table analyses were performed using 
*PROC LIFETEST method - lifetable," a 
standard actuarial method for estimating 
cumulative survival. The log-rank test was 
used to evaluate differences between sur- 
vival distributions of different groups. 
Rates were calculated along with 95% CIs 
based on the normal approximation to the 
binomial distribution. Multivariate survival 
analysis was conducted using SAS "PROC 
LIFEREG," a parametric regression 
model. 

The date of occurrence of an event was 
defined as the date of hospital admission for 
that event. If the patient underwent any 
intraocular surgery unrelated to endophth- 
almitis after cataract extraction, he or she 
was withdrawn from follow-up (censored) 
on the date of admission for that procedure 
to avoid incorrect attribution of adverse 
outcomes to the index cataract surgery 
rather than to the second procedure. This 
was particularly important since the Medi- 
care records did not indicate which eye was 
treated or suffered a complication. Patients 
who died during the interval between sur- 
gery and follow-up were similarly with- 
drawn from follow-up at date of death. 


RESULTS 


The demographic characteristics of 
the cohort are shown in Table 2. Ap- 


Table 1.—International Classification of Diseases, Codes Used in Analysis 


Extracapsular Cataract Extraction 
Extracapsular extraction of lens by linear extraction technique 


intracapsular Cataract Extraction 








Other intracapsular extraction of lens 


Phacoemulsification 
13.4 Extracapsular extraction of lens by fragmentation and aspiration technique 


13.41 Phacoemulsification and aspiration of cataract 


Rehospitalization for Endophthalmitis (Principal Diagnosis Code) 


13.43 Mechanical phacoemulsification and other aspiration of cataract 
Cataract Extraction With Anterior Vitrectomy 
14.73 Any cataract code above 
Mechanical vitrectomy by anterior approach 
360.0 Purulent endophthalmitis 


proximately half were aged between 
70 and 79 years, 30% were between 80 
and 89 years, and only 3.5% were older 
than 90 years at the time of cataract 
surgery. Extracapsular cataract ex- 
traction was the most frequently per- 
formed type of surgery (60% of cases), 
followed by ICCE (31%) and PE (9%) 
(Table 3). 

Four hundred forty (0.14%) of 
324 032 patients who underwent cata- 
ract extraction with no concurrent in- 
traocular procedure were rehospital- 
ized for endophthalmitis within the 
first postoperative year. These includ- 
ed 170 patients who underwent ICCE, 
236 patients who underwent ECCE, 
and 34 patients who underwent PE 
(Table 3). In contrast, of 3670 patients 
who underwent cataract extraction 
with intercurrent anterior vitrectomy, 
21 (0.57%) were rehospitalized for en- 
dophthalmitis (Table 4). 

By life-table analysis (actuarial 
method), the risk of rehospitalization 
for endophthalmitis within 1 month 
was 0.11% (95% CI, 0.09% to 0.13%) 
after ICCE compared with 0.085% 
(95% CI, 0.075% to 0.095%) after 
ECCE or PE. One year after surgery, 
the risks were 0.17% (95% CI, 0.15% 
to 0.20%) for ICCE and 0.12% (95% 
CI, 0.10% to 0.14%) for ECCE or PE 
(P<.002 by log-rank test; Fig 1). No 
difference was detected between those 
undergoing PE and ECCE; however, 
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Table 2.—Probability of Rehospitalization for Endophthalmitis by Age, Race, and 
Gender (Cataract Surgery Without Anterior Vitrectomy) 


No. of 
Cases of 
Endophthalmitis 


No. of 


Variable Cases 


Age, y 
65-69 56050 
70-79 159476 
80-89 98590 
>90 11208 
Total 325324 


Race 
W 294576 


B 18759 
Other 3086 
Unknown 8903 
Total 325324 


Sex 
M 103140 


F 222183 
Unknown 1 
Total 325324 





95% Confidence 
Interval 


Rate of 
Endophthalmitis, % 


0.15 +0.0003 
0.13 + 0.0002 
0.13 + 0.0002 
0.16 + 0.0007 
0.14 +0.0001 


0.14 +0.0001 
0.13 + 0.0005 
0.23 +0.0017 
0.10 + 0.0007 
0.14 +0.0001 


0.18 +0.0002 
0.13 +0.0001 


1.4 +0.0001 








No. With 
No. of 
Cases 


Type of 


Surgery at 1 y 








ICCE 99 971 170 
ECCE 195 587 236 
PE 28474 34 


cation. 


Table 3.— Probability of Rehospitalization for Endophthalmitis by Type of Cataract 
Extraction (Combined Procedures Excluded) * 


Endophthalmitis 











Rate of 
Endophthalmitis 
at 1 y, % 


95% Confidence 
Interval 











0.17 .15-.20 
0.12 .10-.14 
0.12 .08-.16 








* ICCE indicates intracapsular cataract extraction; ECCE, extracapsular extraction; and PE, phacoemulsifi- 


Table 4.—Probability of Rehospitalization for Endophthalmitis for Cataract Extraction 
Alone and Cataract Extraction With Anterior Vitrectomy 


No. With 
Endophthalmitis 
at 1 y 


No. of 
Cases 


324 032 


Type of Surgery 


Cataract extraction alone * 
Cataract extraction with 


anterior vitrectomy 3634 





Rate of 9596 
Endophthalmitis Confidence 
at 1 y, % Interval 





* Intracapsular cataract extraction, extracapsular extraction, and phacoemulsification combined. 


the sample size for PE was too small 
for differences to be detected. For all 
three surgical approaches, the risk of 
endophthalmitis after the first month 
increased in a roughly linear manner 
and showed no sign of falling by the 
end of the follow-up period. 

The combination of cataract extrac- 
tion with anterior vitrectomy was as- 
sumed to indicate significant, un- 
planned, intraoperative vitreous loss. 
Patients undergoing any type of cata- 
ract surgery with anterior vitrectomy 
(Fig 2) were 4.6 times more likely to 
suffer endophthalmitis both within 1 
month of surgery (0.41% vs. 0.09%) 
and within the first postoperative year 
(0.58% vs 0.13%; P<.001 by log-rank 
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test). The same increase in the risk of 
postoperative endophthalmitis was ob- 
served when the data were further 
stratified by type of cataract extrac- 
tion. The increased relative risk of 
endophthalmitis associated with ante- 
rior vitrectomy showed no sign of de- 
creasing by the end of the study 
period. 

Because our previous analysis de- 
tected increased rates of rehospitaliza- 
tion for retinal detachment after cata- 
ract extraction in younger white 
(compared with black) patients,” rates 
of rehospitalization were further strat- 
ified by age, sex, and race. A multivar- 
iate survival analysis that simulta- 
neously evaluated the effects of type of 


% of Rehospitalization 





0 
0123456 7 89.101112 
Time After Surgery, mo 


Fig 1.— Cumulative probability of rehospital- 
ization for endophthalmitis following cataract 
extraction. Note that the probability of rehos- 
pitalization is significantly greater after intra- 
capsular extraction (ICCE) than extracapsu- 
lar extraction (ECCE) or phacoemulsification 
(PE) (P<.002 by log-rank test). 


Cataract and AV 


Cataract Extraction Alone 


% of Rehospitalization 





0 
012s 45 6 7 8 9 101112 
Time After Surgery, mo 


Fig 2.—Cumwulative probability of rehospital- 
ization for endophthalmitis following cataract 
extraction (excluding procedures combined 
with cornea, retina, or glaucoma surgery). 
Note that the probability of rehospitalization is 
significantly greater after cataract extraction 
and anterior vitrectomy (AV) than after cata- 
ract extraction alone (P<.002 by log-rank 
test). 


surgery, age, race, and sex showed 
that only type of surgery and sex had 
significant associations with the likeli- 
hood of endophthalmitis within 1 year 
of surgery, confirming the univariate 
results. 


COMMENT 


Analysis of the Medicare database 
provides a unique opportunity to ex- 
amine the factors related to rehospital- 
ization for endophthalmitis following 
cataract surgery. Unlike a prospective 
clinieal trial or a retrospective chart 
review limited to a few centers, this 
approach reflects actual results in the 
community at large rather than results 
in highly selected populations. It also 
has its limitations, primarily in the 
limited amount of available clinical 
data. 

We detected rates of hospitalization 
for endophthalmitis within the first 
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month of surgery that did not differ 
significantly from those reported by 
Allen and Mangiaracine’ and Kattan et 
al from samples of academic teaching 
hospitals. The rate of rehospitalization 
during the first postoperative year, 
however, was nearly twofold higher 
than that previously reported. The 
rate of rehospitalization in our study 
was also higher than the 0.1% rate 
reported in the Food and Drug Admin- 
istration study, although the sample 
size of 8597 eyes introduced broad CIs 
and precluded statistically significant 
findings. There are two aspects of our 
method that may account for this dif- 
ference—the definition of endophthal- 
mitis, and the completeness and length 
of follow-up. 

Our study is based on records indi- 
cating rehospitalization with a dis- 
charge diagnosis of endophthalmitis. 
This is not necessarily equivalent to 
the rate of culture-proven endophthal- 
mitis in that some patients may have a 
severe, sterile endophthalmitis or an 
organism that failed to grow on cul- 
ture. The two hospital-based studies 
defined endophthalmitis only on the 
basis of positive bacterial cultures. 
Possibly, some patients in our series 
would not have met the case criteria 
applied in the two hospital-based stud- 
ies. Diagnostic criteria for endophthal- 
mitis are not specified in the Food and 
Drug Administration report. 

Our data may also suffer from inac- 
curacies in the coding of hospital dis- 
charge data. Hsia and coworkers’ stud- 
ied accuracy of coding in Medicare 
hospitalization data and reported an 
error rate of 11% in the diagnosis and 
coding. However, our analysis de- 
pends on coding of diagnoses and pro- 
cedures in an ophthalmologic subspe- 
cialty setting, which is thought to be 
far more reliable (D. Hsia, MD, MPH, 
personal communication, September 
1990). Moreover, there is no reason to 
assume that the error rate in coding 
would differ among types of surgery. 
Therefore, such an error rate should 
not alter the validity of our con- 
clusions. 

The data do not indicate the eye 
from which the cataract was extracted 
or the eye in which endophthalmitis 
occurred. Although we removed pa- 
tients from the analysis at the time of a 
second ophthalmologic procedure, un- 
doubtedly some patients entered the 
cohort already having had a cataract 
extraction in one eye. For these pa- 
tients, the risk of endophthalmitis 
could have been mistakenly attributed 
to the index surgery that qualified 
them for inclusion in the cohort. This 
uncertainty may have caused a small 
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overestimation of the risk of postoper- 
ative endophthalmitis. Since the vast 
majority of cases of endophthalmitis 
occur in the first postoperative month, 
the effect should be negligible. 

Our study also differed from the two 
hospital-based studies in the complete- 
ness and length of follow-up." Both 
hospital-based studies depended on a 
review of patient charts and hospital 
admitting records to identify cases of 
endophthalmitis. The assumption was 
made that all patients who developed 
endophthalmitis would return to that 
hospital for care. The effect of this 
assumption may have been to underes- 
timate the true rate of endophthalmi- 
tis. In neither study was the length 
and completeness of follow-up report- 
ed. If follow-up was shorter or number 
of patients unavailable for follow-up 
was greater in the hospital-based stud- 
ies, this would have caused an under- 
estimation of the true rate of en- 
dophthalmitis. 

The increased rate of endophthalmi- 
tis following ICCE compared with 
ECCE or PE has not previously been 
reported. There may be a pathophysio- 
logic explanation for this finding, since 
Beyer and coworkers have reported 
that the presence of an intact posterior 
capsule is associated with greater re- 
sistance to endophthalmitis following 
Staphylococcus aureus inoculation in 
primates. 

Because patients who underwent 
cataract extraction under the Medicare 
program were not randomized to alter- 
nate surgical approaches, there may 
have been biases in patient selection 
that affected the observed rates of 
rehospitalization for endophthalmitis. 
For instance, patients selected for 
ICCE may have been more predis- 
posed to endophthalmitis than other 
patients for unknown reasons. [t is 
hard, given the breadth of our inclu- 
sion criteria, to consider this to be a 
substantial concern; rather, we believe 
that undergoing ICCE as performed at 
that time accounts for the increased 
risk. Alternatively, the surgical tech- 
nique employed by ophthalmologists 
who performed ICCE in 1984 may 
have differed in the nature of wound 
closure and other aspects of surgery 
from that used by ophthalmologists 
who performed ECCE and PE. 

Based on retrospective data, Driebe 
and coworkers' suggested that there 
was an increase in risk of endophthal- 
mitis after cataract extraction involv- 
ing vitreous loss and anterior vitrec- 
tomy. They observed that a higher 
than expected proportion of patients 
presenting with endophthalmitis fol- 
lowing cataract extraction (nine of 83) 


had undergone intercurrent anterior 
vitrectomy. The shape of the curve in 
Fig 2 suggests that patients who un- 
dergo anterior vitrectomy may also be 
at increased risk of endophthalmitis 
after the first month, suggesting an 
ongoing route of entry or change in the 
growth rate of pathogens into the eye. 
It should be noted that patients who 
underwent lens extraction as part of a 
pars plana vitrectomy were excluded 
from this analysis. Only those patients 
who had vitrectomy coded at the time 
of surgery are classified as having un- 
dergone vitrectomy in the above analy- 
sis. Therefore, there may be patients 
in the “uncomplicated cataract” group 
who, in fact, underwent intercurrent 
anterior vitrectomy that was not coded 
on the hospital discharge record. Such 
misclassification would lead us to un- 
derestimate the increased risk of en- 
dophthalmitis following cataract ex- 
traction with anterior vitrectomy 
compared with uncomplicated cataract 
extraction. 

Episodes of rehospitalization for en- 
dophthalmitis occur in this cohort of 
patients well beyond the immediate 
postoperative period. Some of these 
cases may be associated with a second 
intraocular procedure performed on an 
outpatient basis and, therefore, not 
reported in our database. Driebe and 
coworkers’ noted that 16% of cases of 
endophthalmitis in their series were 
associated with secondary events in- 
cluding suture removal, wound dehis- 
cences, and repositioning of the intra- 
ocular lens. However, it is equally 
likely that we are detecting endoph- 
thalmitis caused by slow-growing or- 
ganisms, such as P acnes. 

Several authors have reported iso- 
lated cases of endophthalmitis, gener- 
ally caused by P acnes immediately 
following neodymium-YAG laser cap- 
sulotomy."" These late cases of en- 
dophthalmitis may be less likely to 
return to the center at which cataract 
surgery was initially performed, help- 
ing to explain our higher rate of en- 
dophthalmitis at 1 year than those seen 
in published literature. 

Using the Medicare database for our 
analytic framework provided us with a 
sample of over 300000 cases of cata- 
ract surgery, performed by thousands 
of ophthalmologists across the United 
States. Because endophthalmitis is a 
rare complication of cataract surgery, 
an extremely large sample size is need- 
ed to define precisely the rate of its 
occurrence. Furthermore, the patients 
identified in this cohort are likely to be 
representative of actual practice 
across the country. In contrast, the 
patient populations found in most pre- 


Cataract Extraction — Javitt et al 


V 


viously published reports were all 
drawn from individual academic refer- 
ral centers and may differ in their 
baseline characteristies from those 
who seek care elsewhere in the com- 
munity. Most longitudinal studies re- 
port patients unavailable for follow-up, 
whereas hospital utilization informa- 
tion on patients is missing from the 
Medicare database only if they enter a 
Health Maintenance Organization, 
seek care at a Veterans Affairs Hospi- 
tal, or are treated outside the United 
States. While these events do occur, 
we believe it is unlikely that significant 
numbers of patients would undergo 
cataract extraction in a fee-for-service 
setting and then be treated for en- 
dophthalmitis in a Veterans Affairs, 
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dophthalmitis after cataract extraction, II: inci- 
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survey: current incidence of infection following in- 
traocular surgery. Ophthalmology. 1991;98:227- 
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The FDA report on intraocular lenses. Ophthal- 
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Health Maintenance Organization, or 
foreign hospital. 

Our study confirmed previous find- 
ings that ECCE is almost half as likely 
to be associated with subsequent re- 
hospitalization for endophthalmitis as 
is ICCE. The risk of rehospitalization 
for endophthalmitis following PE falls 
between that of the other two surgical 
approaches. 

The risk of rehospitalization for en- 
dophthalmitis following intraoperative 
vitreous loss and anterior vitrectomy 
is nearly 4.5 times that following un- 
complicated cataract extraction. Al- 
though vitreous loss is a complication 
that surgeons assiduously avoid, these 
findings serve to underscore its impli- 
cations for the patient’s prognosis. 
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e A detailed ocular examination, in- 
cluding perimetry, was conducted on 
5308 black and white subjects aged 40 
years and older in a population-based 
prevalence survey in east Baltimore, Md. 
Repeated, detailed examinations were 
carried out on selected subjects. Rough- 
ly half of all subjects with optic nerve 
damage from primary open angle glauco- 
ma, regardless of race, were unaware 
that they had the condition. The average 
intraocular pressure (IOP) among black 
patients with glaucoma who were receiv- 
ing treatment was virtually identical to 
that in those black patients who were not 
receiving treatment (median IOP, 20 mm 
Hg); treated eyes of white patients had a 
lower IOP than those eyes of white pa- 
tients who were not receiving treatment 
(mean[+ SD] IOP, 18.69+3.23 mm Hg vs 
24.15+5.23 mm Hg; P<.001). The risk of 


onsiderable confusion surrounds 

the relationship between open an- 
gle glaucoma and intraocular pressure 
(IOP). For years, glaucoma and “ele- 
vated” IOP were operationally synony- 
mous: anyone whose pressure was 
above a certain level, commonly 21 mm 
Hg, was treated with pressure-lower- 


ing medication. To this day, character- 
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glaucomatous optic nerve damage in- 
creased with the height of the screening 
IOP, particularly at levels of 22 to 29 and 
30 mm Hg and above (relative rate com- 
pared with IOP of 15 mm Hg or lower, 
12.8 and 40.1 mm Hg, respectively). More 
than half of all glaucomatous eyes had a 
screening IOP below 21 mm Hg, whether 
these eyes were receiving treatment or 
not. The IOP in glaucomatous eyes 
tended to rise on follow-up, in contrast 
with nonglaucomatous eyes in which the 
IOP was as likely to rise as to fall. Results 
confirmed that IOP is an important factor 
in glaucoma, but did not support the 
traditional distinction between "normal" 
and "elevated" pressure, nor its corollar- 
ies, “low-tension” glaucoma and “high- 
tension" glaucoma. 

(Arch Ophthalmol. 
1095) 


1991;109:1090- 


istic optic nerve damage at lower pres- 
sures is designated “low-tension” 
glaucoma, presumably to distinguish it 
from primary open angle glaucoma 
(POAG). 

Recently, the significance of IOP in 
the pathogenesis of glaucomatous optic 
nerve damage (GOND), and the value 
of lowering IOP to reduce progression 
of the disease, have been questioned. * 
In part, this stems from a lack of 
carefully controlled therapeutic trials 
and, in part, from the paucity of sound 
representative data on the relationship 
between IOP and GOND. The recently 
completed Baltimore Eye Survey 


(BES) carefully assessed optic nerve 
status and IOP on all participants of a 
community-based investigation of 
glaucoma and ocular disease in a racial- 
ly mixed US population. The results 
provide insights into the relationship 
between IOP and GOND and the valid- 
ity of designating a single IOP criteri- 
on to distinguish “elevated” from “nor- 
mal” pressures. 


SUBJECTS AND METHODS 


The BES was a population-based preva- 
lence survey that was conducted with more 
than 5000 individuals aged 40 years and 
older in east Baltimore, Md. By design, 
approximately half of the sample was black 
and half was white. Methods have been 
extensively detailed elsewhere.” 

Of particular significance to this analysis 
was the determination of glaucoma.’ Sub- 
jects who were capable of participating in a 
detailed neighborhood screening examina- 
tion had the following factors assessed: 
refractive error, best corrected visual acu- 
ity, IOP (the median of three independent 
applanation readings), and visual fields. 
Fixed-base stereographs were taken (Top- 
con Simultaneous Stereofundus Camera 
Model TRC-SS), centered on the disc and 
again on the macula. Perimetry was first 
performed by the three-zone Full-Field 120 
test of the Humphrey Field Analyzer. Sub- 
jects who were incapable of performing this 
test, or who had 17 or more absolute or 
relative defects anywhere in the field’ or 
eight or more defects in a single quadrant, 
were retested by detailed threshold-re- 
lated, suprathreshold static and kinetic 
techniques on a Goldmann perimeter." 

Subjects were referred to one of a limited 
number of specially standardized ophthal- 
mologists at the Wilmer Institute, Balti- 
more, if any of the following conditions 
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were encountered: a median IOP greater 
than 21 mm Hg in either eye; visual field 
loss on Humphrey-automated testing con- 
firmed with Goldmann perimetry, or on 
Goldmann perimetry alone if automated 
fields could not be done'; best corrected 
visual acuity worse than 20/30 in either eye; 
cup-dise ratio (horizontal or vertical) great- 
er than or equal to 0.7 or a most narrow 
remaining disc rim of less than 0.15 in 
either eye; or a history of glaucoma or use 
of glaucoma medication. Those subjects 
whose findings were suggestive of glauco- 
ma were examined by one of the investiga- 
tors (A.S., H.A.Q., and J.J.) with subspe- 
cialty training in glaucoma. This 
examination included repeated measure- 
ment of IOP (median of three independent 
readings), slit-lamp biomicroscopy, gonios- 
copy, and direct and indirect ophthalmosco- 
py. Subspecialty referral (usually retinal- 
vascular or neuro-ophthalmologic) was 
employed, where necessary, to arrive at a 
final diagnosis. A small number of patients 
(5.4% [285/5308]) were incapable of attend- 
ing the initial neighborhood examination or 
the Wilmer Institute and were examined 
instead in their home. Home visits pre- 
cluded definitive perimetry (other than a 
manual examination on the Goodlite bowl or 
confrontational fields) or fixed-base stereo- 
photography. The visiting physician made a 
clinical decision on the basis of the findings 
at the home visit, particularly the appear- 
ance of the optic nerve, results of confronta- 
tional fields examination, visual acuity, 
IOP, and ocular comorbidity. Formal visual 
field tests and photographs were not ob- 
tained on patients with dense media opaci- 
ties or those who were incapable of cooper- 
ating with these procedures. 

Interpretable screening fields were not 
available from either eye on 150 subjects 
(2.8%), roughly half of whom represented 
home visits. Photographs were unavailable 
from either eye of 1147 subjects (21.6%); 
hazy media (or small pupils) and home visits 
each accounted for roughly one third of the 
missing photographs. Screening IOP mea- 
surements were unavailable on 172 eyes 
(1.6%) overall, of which four were from the 
198 eyes with POAG (2.0%). 

Because of the varying quality and quan- 
tity of available data, and our desire to 
maintain the representative nature of the 
sample, a two-stage “best clinical judg- 
ment” approach was applied in determining 
the presence of POAG.' In the first stage, 
the examining subspecialist separated out 
all those subjects who might have been 
considered to have POAG by criteria that 
combined optic disc, nerve fiber layer, IOP, 
and visual field characteristies (276 sub- 
jects) This served to isolate a population 
with a high chance of having the disease. In 
the second stage, the principal investigator 
(A.S.) reviewed all available data, grading 
visual fields (when available) as definitely, 
probably, or unlikely to be abnormal (“defi- 
nitely," when defects were 10? in diame- 
ter within 30? of fixation, twice that size if 
more peripheral, and =0.5 log units in 
depth with a shape and distribution typical 
of optic nerve damage; “probably,” when 
the defects were slightly smaller or less 
dense but still typical in shape and distribu- 
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1 or more abnormal visual fields with 
some but not perfect congruence 
between fields and a C/D —0.8or a 
difference between the 2 eyes of 

zO0.3 


1 or more abnormal visual fields with 
some but not perfect congruence 
between fields 


1 visual field either typically abnormal 
or compatible with glaucoma and 
cupping or nerve fiber layer loss 


Patient incompetent for visual field 
testing but with significant and 
compatible disc and nerve fiber layer 
abnormalities 





Table 1.— Basis for the Diagnosis of GOND* 


2 or more abnormal visual fields with 
excellent congruence between fields 

End-stage disease with visual acuity 
20/200 and 100% cupping 


1 visual field performed with typical 
field defects 

Asymmetric cupping with a difference 
between the 2 eyes of —0.4 


Total 198 oe : 

















100.0 





* Fellow eyes often had more definitive evidence of optic nerve damage. GOND indicates glaucomatous optic 


nerve damage; C/D, cup-disc ratio. 


tion; and “unlikely,” if smaller or less dense, 
or more commonly, atypical in appear- 
ance)" Those considered to be abnormal 
were further graded as "typically glaucoma- 
tous" (conforming with the nerve fiber pat- 
tern of GOND: paracentral and arcuate 
depressions, nasal steps, and, in more ad- 
vanced damage, central and/or temporal 
islands"); “compatible with glaucoma" (con- 
taining many of the attributes of "typical" 
fields, but deviating to some degree: bihe- 
mispheric nasal depressions of similar 
depth, arcuate defects more distal than 25° 
from fixation, etc); or "incompatible with 
glaucoma" (lacking nerve fiber distribution, 
whieh is characteristic of glaucomatous 
damage). A similar scheme was applied to 
the appearance of the stereoscopic dise pho- 
tographs (all of which were read in a 
masked fashion by a single observer [K.S.] 
with a demonstrated high degree of repro- 
ducibility).' Dise and field abnormalities 
were then assessed for compatibility (eg, 
superior nasal step in the presence of inferi- 
or dise notching or nerve fiber layer 
atrophy). 

The principal investigator (A.S.) sought 
additional data on 73 subjects and was able 
to obtain this from past medical records on 
52 subjects (7196). The principal investiga- 
tor (A.S.) then applied a final summary 
opinion (definite, probable, normal, or un- 
certain) to the following characteristics: 
glaucomatous nerve damage, open angles, 
and the presence or absence of potential 
secondary causes. One hundred ninety- 
eight eyes of 132 subjects were determined 
to have sufficient evidence of GOND and a 
primary, open-angle origin to be considered 
definite instances of POAG (Table 1).' 
some instances, these were judged to have 
been subsequently compounded by poten- 
tial secondary and contributory causes like 
cataract surgery. Even within this group of 
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definite POAG, certainty of the diagnosis 
varied with the amount of available data, 
from very strict to less strict criteria. In 
almost 70%, the diagnosis was based on the 
strictest evidence: typically abnormal fields 
similar on two successive occasions; end- 
stage disease (blind with 100% cups); or at 
least one classically abnormal field plus a 
second potentially abnormal field in the 
presence of grossly abnormal cupping (top 
three categories of Table 1). 

Fully one half of the eyes that were 
considered to be potentially glaucomatous 
at definitive clinical examination were ex- 
cluded by the two-stage review. These pri- 
marily represented instances of large, sym- 
metric cups with an IOP that consistently 
was greater than 21 mm Hg but without 
“definite” evidence of optic nerve damage 
(whether there was evidence for POAG in 
the fellow eye); subjects with marked asym- 
metry in IOP but normal optic nerve ap- 
pearance or normal fields; and eyes in which 
a secondary glaucoma mechanism was con- 
sidered likely to be the initial cause. In no 
instance were the diagnoses of POAG de- 
pendent on the level of IOP. Only three 
(2.2%) of the 132 subjects with POAG had 
been referred for definitive examination on 
the basis of IOP alone.‘ 


RESULTS 


A total of 5308 individuals under- 
went the screening examination (2395 
black and 2913 white), ie, 79.2% of all 
those eligible.“ Of the 1770 subjects 
who were referred for definitive clini- 
cal examination, 776 black and 659 
white subjects completed testing 
(82.9% and 79.0%, respectively). The 
prevalence of POAG among blacks was 
4.3 times the rate among whites.* One 


1091 


Cumulative % 





0 O 
0 4 8 12 16 20 24 28 32 36 40 44 48 
IOP, mm Hg 


Fig 1.— Cumulative distribution of intraocular 
pressure (IOP) measured at the neighbor- 
hood screening site in eyes with primary open 
angle glaucoma. Open circles indicate white 
subjects (n — 46 eyes); closed circles, black 
subjects (n = 148 eyes). 
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Fig 3. — Screening intraocular pressure (IOP) 
of nonglaucomatous eyes. Eyes that were 
considered to have glaucomatous optic nerve 
damage of any origin were excluded. One 
hundred eighteen eyes of black subjects 
(2.6%) and 117 eyes of white subjects (2.1%) 
were allegedly receiving glaucoma treatment 
(white subjects, n — 5682 eyes [open trian- 
gles]; black subjects, n — 4453 eyes [closed 
triangles]). 


hundred thirty-two subjects met the 
criteria for POAG in at least one eye, 
100 of whom were black and 32 white. 
Primary open angle glaucoma was 
present in 152 eyes of black subjects 
and 46 eyes of white subjects. 
Intraocular pressure was distributed 
similarly among glaucomatous eyes of 
black and white subjects, with a medi- 
an of 20 mm Hg (Fig 1). Only 42 black 
subjects (42%) and 16 white subjects 
(50%) who had glaucoma were aware of 
it and receiving IOP-lowering therapy. 
The eyes with POAG of black subjects 
that were allegedly being treated had 
the same IOP as the eyes that were 
not being treated, with a median of 20 
mm Hg (Fig 2, left) The eyes with 
POAG of white subjects that were 
allegedly being treated had a lower 
median IOP, ie, 19 mm Hg, than those 
eyes that were not being treated, ie, 
23 mm Hg (mean [-SD] IOP, 
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Fig 2.— Screening intraocular pressure (IOP) of eyes with primary open-angle glaucoma that 
were (open circles) and were not (closed circles) receiving treatment. Left, Black subjects: 
median IOP, 20 mm Hg regardless of alleged treatment (treatment, n — 71 eyes; no treatment, 
n — 77 eyes). Right, White subjects: median IOP of treated eyes, 4 mm Hg lower than among 
untreated eyes (treatment, n — 26 eves; no treatment, n — 20 eyes). 
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Fig 4.— Prevalence of primary open-angle glaucoma in eyes in relation to their screening 
intraocular pressure (IOP) (curve smoothed using a running mean with window width of 7 mm 
Hg). Left, All eyes, whether receiving glaucoma therapy (white subjects, n — 5770 eyes [open 
circles]; black subjects, n — 4674 eyes [closed circles]). Right, Only eyes with primary open 
angle glaucoma that were not being treated with glaucoma therapy (white subjects, n — 5604 
eyes [open circles]; black subjects, n = 4464 eyes [closed circles]). 


Table 2.— Prevalence of POAG in Relation to Screening IOP * 


Eyes With POAG 


——————————————————————7* 















IOP, Total No. N W i (+ SE), Relative 
mm Hg of Eyest Risk 
<15 3807 ee 1.0 
16-18 3571 1.31 (+0.19) 2.0 
19-21 2291 1.82 (+0.28) 

22-24 8.30 (+ 1.31) 12.8 
25-29 8.33 (+ 1.78) 12.8 
30-34 25.37 (+ 5.32) 39.0 


= 35 26.09 (+ 9.16) 40.1 
Total 10444 


* POAG indicates primary open angle glaucoma; IOP, intraocular pressure. Excludes 159 nonglaucomatous 
eyes, four eyes with POAG, and nine eyes with other forms of glaucomatous optic nerve damage for which IOP 
was unavailable. Excluding ‘‘other’’ glaucomatous optic nerve damage for which IOP was available would dras- 
tically reduce the denominator at the highest IOP (2-35 mm Hg), dramatically increasing POAG prevalence to 
40.0% and the relative risk to 61.5. 


18.69 + 3.23 mm Hg vs 24.15 —-5.23 mm was similar for white and black sub- 
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Hg; P<.001) (Fig 2, right). Untreated 
glaucomatous eyes of white subjects 
had a higher IOP than untreated glau- 
comatous eyes of black subjects (mean 
[+SD] IOP, 24.15+5.23 mm Hg vs 
21.48 +6.46 mm Hg; P=.09). 

The IOP of all eyes that were 
screened, excluding those with POAG, 


jects, with median values of 17 and 16 
mm Hg, respectively (mean [+SD] 
TOP. 17.11-83.85 - mm Hg vs 
16.00 +4.18 mm Hg; P<.001) (Fig 3). 
The prevalence of POAG increased 
with the height of the screening IOP 
(Fig 4, Table 2), particularly at levels 
of 22 to 29 and 30 mm Hg and above. 
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This was true of both black and white 
subjects, whether all POAG was in- 
cluded (Fig 4, left) or only untreated 
POAG was included (Fig 4, right). A 
log-linear regression model fit to these 
data demonstrated a highly significant 
(P<.0001) effect of IOP on the preva- 
lence of POAG for both black and 
white subjects. Results were only 
slightly altered when limited to eyes 
with POAG that met the strictest cri- 
teria of disease (top three categories of 
Table 1) (Fig 5). 

Even though the risk of glaucoma 
was low at a lower IOP, the vast 
majority of all eyes in the population 
had “low” IOP. As a result, most pa- 
tients with glaucoma had a screening 
pressure (in the higher of the two 
eyes, whether that was the eye with 
GOND) that was less than 25 mm Hg. 
In roughly half, it was 20 mm Hg or 
lower (Fig 6, left). The same was true 
for cases that met the three strictest 
criteria of disease (Fig 6, right). Race- 
specific rates were virtually identical 
whether the subjects were receiving 
treatment. 

Almost 7% (333/5078) of the nonglau- 
comatous population had a screening 
IOP in the higher of the two eyes that 
was above 21 mm Hg. 

Intraocular pressure was remea- 
sured at the definitive examination, 
weeks later, in 190 glaucomatous eyes 
of 128 subjects and in 2547 nonglauco- 
matous eyes of 1301 subjects who were 
referred for other reasons (see “Sub- 
jects and Methods” section). Roughly 
two fifths of eyes with glaucoma that 
had screening pressures of 21 mm Hg 
or less had pressures greater than 21 
mm Hg at follow-up (41% [45/110]) (Fig 
7); one fifth with elevated screening 
pressures had “normal” pressures at 
follow-up (19% [15/80]). This tendency 
for glaucomatous eyes to develop, 
rather than lose an elevated pressure 
on follow-up, was considerably greater 
for eyes that were not being treated. 
Either treatment dampened the varia- 
tion in IOP that is commonly seen with 
glaucoma, or the expectation of reex- 
amination increased compliance in the 
treated group. Among nonglaucoma- 
tous eyes, the tendency for “elevated 
pressures” to fall to normal values 
more nearly equaled the tendency for 
normal values to rise to elevated levels 
(Fig 7). 

Among untreated glaucomatous 
eyes, 45% (44/97) had an IOP greater 
than 21 mm Hg at screening, as did an 
additional 31% (30/97) at follow-up, for 
a total of 76% with an elevated IOP at 
one or both examinations. Only 42% 
(41/97) of untreated eyes with glauco- 
ma had elevated pressures at both 
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Fig 5.— Prevalence of primary open angle glaucoma in eyes in relation to their screening 
intraocular pressure (IOP). This is similar to Fig 4, but analysis was limited only to eyes with 
glaucoma that met the most definite criteria of primary open angle glaucoma (first three 
categories of Table 1). Left, All eyes, whether receiving glaucoma therapy (white subjects, 
n — 28 of 5752 eyes [open circles]; black subjects, n — 105 of 4631 eyes [closed circles]). Right, 
Only eyes with primary open-angle glaucoma that were not being treated with glaucoma therapy 
(white subjects, n — 9 of 5593 eyes [open circles]; black subjects, n — 48 of 4435 eyes [closed 
circles]). 
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Fig 6. — Screening intraocular pressure (IOP) (of the eye with the highest pressure) among all 
subjects with primary open angle glaucoma in at least one eye. Left, All subjects considered to 
have glaucoma (white subjects, n — 32 persons [open circles]; black subjects, n — 98 persons 
[closed circles]). Right, Only those subjects who met the most definite criteria of primary open 
angle glaucoma (first three categories of Table 1) (white subjects, n — 19 persons [open circles]; 
black subjects, n= 79 persons [closed circles]). 





examinations, but this was considera- 
bly more common than the 24% (23/97) 
in which the IOP was normal (<22 mm 
Hg) at both examinations (P<.001). 
With the use of all available data, 
including past records and subsequent 
follow-up, the IOPs of approximately 
16% of glaucomatous eyes were never 
recorded above 21 mm Hg (Table 3). 


COMMENT 





j High/High High/Low Low/High Low/Low 


Recent reports have questioned the IOP 
causal relationship between the level ^ Fig 7.— Change in intraocular pressure (IOP) 
of IOP and the presence of GOND. between screening and follow-up examina- 
Nonetheless, there is ample evidence tion at Wilmer Institute, Baltimore, Md, for 


to support such a relationship." untreated eyes with primary glaucomatous 


Partial clarification of the relation- 
ship between IOP and POAG is avail- 
able from detailed correlative data on 
the status of the optic nerve and IOP 
in large, representative population- 
based samples. Before the BES, four 
studies approached this goal: the Fern- 
dale Study in Wales"; the Framingham 
Eye Survey"; the St Lucia Survey"; 
and the Dalby study in Sweden.' While 
these studies contributed to our under- 
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optic nerve damage (closed bars) and non- 
glaucomatous eyes (hatched bars). High IOP 
(721 mm Hg); low IOP (<21 mm Hg). Note 
glaucomatous eyes with low screening IOP 
were more likely to rise on follow-up than 
were those with high screening IOP to fall. In 
contrast, nonglaucomatous eyes were just as 
likely to move in either direction. 
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Table 3.—Clinical Classification of 
POAG by Presumed IOP * 


No. of 
Cases 











Classification 


Definite elevation in IOP 105 
Definite LTG 21 
Total POAG with 
"known" IOP 126 
% LTG 21/126 (16.7)t 
Uncertain IOP 6 
Total POAG 132 
95 LTG if all 6 cases of uncertain IOP 
Have elevated IOP 21/132 (15.9)t 
Have LTG 27/132 (20.5)t 


*POAG indicates primary open angle glaucoma; 
IOP, intraocular pressure; and LTG, low-tension glau- 
coma. All cases, from available data, that were 
thought to have open angles and definite, primary 
glaucomatous optic nerve damage in at least one 
eye.* The IOP (>21 mm Hg) on two or more consec- 
utive measurements (regardless of number of mea- 
surements performed) was considered ‘‘definite ele- 
vation.” ‘Uncertain’ either had only an occasional 
IOP greater than 21 mm Hg or no measurements 
greater than 21 mm Hg (but at time of measurement 
were already being treated with IOP-lowering medi- 
cation). 

TPercentage is given in parentheses. 





standing, each had its limitations; in 
the Ferndale, Framingham, and St 
Lucia studies, perimetry was not per- 
formed on everyone, but only on pa- 
tients with elevated pressure or an 
“abnormal”-appearing optic nerve, and 
on a small routine subsample. The 
Dalby study was unusual in many re- 
gards: all glaucoma was previously un- 
detected; all patients who were receiv- 
ing treatment of glaucoma did not have 
it; and among the small number of 
patients with glaucoma who were iden- 
tified, the vast majority were women. 
Three of these studies were limited to 
white subjects; one study (St Lucia) 
was limited to black subjects. 

The BES investigated a randomly 
selected, racially mixed urban US pop- 
ulation from similar socioeconomic 
backgrounds; the BES used automated 
perimetry, confirmed results on Gold- 
mann kinetic and threshold-related su- 
prathreshold perimetry, and used 
fixed-base stereophotography. A sec- 
ond detailed examination permitted, 
among other things, evaluation of the 
variability of IOP in subjects with and 
without glaucoma when remeasured 
several weeks to months later. We also 
had available to us the prior records 
and subsequent course on a substantial 
proportion of subjects with glaucoma. 

The average IOP of white and black 
subjects in the general population was 
similar, consistent with previous data 
collected in separate and distinct popu- 
lations. ^'^ 

In both races, the screening IOP 
was higher in glaucomatous eyes than 
in those in the general population. In 
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white subjects, eyes that received 
glaucoma treatment had an IOP, on 
average, 2 to 3 mm Hg higher than 
eyes without glaucoma; glaucomatous 
eyes that were not yet receiving treat- 
ment had an IOP 6 to 7 mm Hg higher 
than that of normal subjects. In black 
subjects, treatment status made little 
difference; the IOP in glaucomatous 
eyes was 4 to 5 mm Hg higher than the 
rest of the population whether they 
were said to have received treatment. 
Since we do not know what potential 
biases explain why some individuals 
were receiving treatment while others 
were not, nor what the IOP might 
have been for the two treatment 
groups if they had not received thera- 
py, we cannot provide an unbiased 
estimate of IOP for all POAG before 
treatment or a valid comparison be- 
tween the impact of treatment on 
white and black subjects. As roughly 
half of the patients with glaucoma of 
both races were receiving treatment, 
however, selection bias is unlikely to 
account for the racial differences that 
were observed. With that being the 
case, it would suggest that the optic 
nerve in black subjects may be more 
sensitive to IOP than that in white 
subjects; untreated black subjects with 
POAG had lower IOP than untreated 
white subjects, and the prevalence of 
GOND at all levels of IOP was greatly 
exaggerated among black subjects. 

For both black and white subjects, 
the risk of POAG increased with the 
height of the screening IOP. Even 
though the risk of POAG at low IOP 
was lower, it was, nonetheless, real. It 
is consistent with findings from re- 
ports from longitudinal studies in 
which the risk of a field defect develop- 
ing in a patient is directly related to 
the height of their preexisting IOP." 
The fact that the risk rises precipitous- 
ly at higher levels suggests a strong 
eausal relationship at those levels. At 
lower IOP levels, the importance of 
other contributory factors may assume 
relatively greater importance.” 
Some“ but not all” authors report dif- 
ferent characteristics of GOND at 
higher and lower pressures. 

Even though the risk of having glau- 
comatous atrophy was lower at lower 
screening pressures, most of the popu- 
lation had low screening pressures. 
Roughly half of the glaucomatous eyes 
and half of the glaucomatous patients 
had initial screening pressures below 
21 mm Hg (using the highest pressure 
in either eye). This is consistent, in a 
multiracial population, with results 
from the Ferndale and Framingham 
studies that have been interpreted as 
indicating that one third to half of the 


eyes with glaucoma have IOP defined 
as normal.” 

We have shown that IOP varies in 
glaucomatous and normal individuals 
over time, and that the more frequent- 
ly IOP is measured, the more likely 
one or more measurements will exceed 
an arbitrary criterion. The proportion 
of glaucomatous subjects with an ele- 
vated IOP (eg, any pressure, >21 mm 
Hg) increased with the frequency that 
IOP was measured: 50% at screening, 
75% at screening plus one follow-up; 
and 85% with screening and multiple 
follow-up studies (Table 3). The con- 
verse, that the more frequently pres- 
sure is measured, the greater the like- 
lihood that one IOP will fall below 21 
mm Hg is also true, but the trend to 
lower IOP for POAG was far less 
common. 

The continuous nature of the IOP- 
glaucoma relationship suggests little 
basis for distinguishing between so- 
called high- and low-tension glaucoma, 
least of all by IOP criteria alone. 

Our knowledge of the relationship 
between IOP and glaucoma is extraor- 
dinarily superficial, precisely because 
we learn little about IOP from “snap- 
shot,” cross-sectional assessments. Oc- 
casional measurement of IOP, even a 
diurnal curve, does not provide a com- 
prehensive view of the IOP experience 
of an eye: round-the-clock measure- 
ment of IOP during a prolonged inter- 
val might provide more meaningful 
data. Such data would begin to provide 
the level of information that is needed 
to examine the following relationships 
that may be of greater significance: 
average IOP, peak IOP, or complex 
integrations of peak-duration. 

Tonometry, by itself, is neither an 
effective nor an efficient screening 
tool. Roughly half of the subjects with 
established optic nerve damage would 
have been missed by a screening crite- 
rion of 21 mm Hg. In addition, 7% to 
8%, not 3%, of the population aged 
older than 40 years will have pressures 
above 21 mm Hg." With a sensitivity 
of only 50% and specificity of 92%, 16 
subjects would be referred (with a 
screening IOP above 21 mm Hg) for 
each patient with glaucoma damage. 
As in the Ferndale study,” half of the 
subjects with GOND in the BES were 
already aware of it and therefore not in 
need of referral. This reduces the effi- 
ciency of tonometric screening among 
populations with similar levels of utili- 
zation of eye care services by a further 
50%; only one in 32 referrals would 
have previously undiagnosed glauco- 
matous nerve damage. The addition of 
visual field screening"^ or examina- 
tion of the dise or nerve fiber layer” 
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would introduce complexities into the 
screening program, but could improve 
both sensitivity and specificity. 

An additional caveat applies to these 
data. Roughly 20% of subjects who 
were referred for definitive examina- 
tion failed to keep their appointment, 
despite repeated contacts and alterna- 
tive dates. Undoubtedly, a small pro- 
portion had glaucoma. As we do not 
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Exercise Training Reduces Intraocular Pressure Among 
Subjects Suspected of Having Glaucoma 


Michael S. Passo, MD; Linn Goldberg, MD; Diane L. Elliot, MD; E. Michael Van Buskirk, MD 


e The effect of exercise conditioning 
on elevated intraocular pressure has not 
been previously described among sed- 
entary individuals. We prospectively ob- 
served intraocular pressure for nine sed- 
entary subjects suspected of having 
glaucoma before and after 3 months of 
aerobic exercise training. Mean (+ SEM) 
aerobic capacity, as assessed by maxi- 
mal oxygen uptake, increased 6.3+1.6 
mL-kg "min ' (30%) (P<.02). Mean in- 
traocular pressure decreased 4.6+0.4 
mm Hg (20%) (P<.001) at the end of the 
conditioning period. With cessation of 
exercise and subsequent detraining, in- 
traocular pressure returned to elevated 
preconditioning levels by 3 weeks. Regu- 
lar aerobic exercise is associated with a 
reduction in elevated intraocular pres- 
sure and may represent an effective non- 
pharmacologic intervention for patients 
suspected of having glaucoma. 

(Arch Ophthalmol. 1991;109:1096- 
1098) 


E xercise has been used therapeuti- 

cally in a variety of medical disor- 
ders.' Its effect on mild hypertension 
has been established, such that the 
Joint National Committee on Detec- 
tion, Evaluation, and Treatment of 
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High Blood Pressure considers regular 
exercise among the initial treatments 
for mild hypertension.” Physical activi- 
ty also affects intraocular pressure. 
Several investigations have shown 
that both a single exercise session and 
regular physical conditioning have an 
ocular hypotensive effect." However, 
the influence of exercise training ob- 
served in prior prospective studies was 
assessed in individuals who were ei- 
ther not suspected of having glaucoma’ 
or not previously sedentary.' 

Medications used to treat either 
glaucoma or elevated intraocular pres- 
sure may have significant adverse side 
effects." If regular exercise can reduce 
intraocular pressure, it could provide a 
useful nonpharmacologic approach to 
the treatment of glaucoma or ocular 
hypertension. We prospectively stud- 
ied intraocular pressure before and 
immediately after 12 weeks of aerobic 
exercise conditioning, and following 
detraining, among sedentary subjects 
suspected of having glaucoma with oc- 
ular hypertension. The acute hypoten- 
sive effect of maximal exercise on ocu- 
lar pressure before and after training 
were also assessed. 


PATIENTS AND METHODS 


Thirteen sedentary adults, followed up 
for elevated intraocular pressure, were se- 
lected from an ophthalmology clinic. All 
were otherwise healthy, between the ages 
of 25 and 60 years, and free of medication 
use. None had participated in more than 
1 hour of organized physical activity per 
week for the 6 months before the study. 
Two individuals, previously using 0.5% ti- 
molol maleate twice daily, were given a 4- 
week washout period before study entry. 
Each participant had Goldmann applanation 
intraocular pressure measurements of 22 


mm Hg or greater in each eye on at least 
two separate occasions. Subjects had base- 
line ocular examinations including Zeiss 
gonioscopy, stereoscopic optic nerve exami- 
nation, and static threshold automated peri- 
metry (Humphrey 30-2 program). All had 
open angles by gonioscopy without evidence 
of pigmentary dispersion, angle recession, 
or pseudoexfoliation. None had optic nerve 
or visual field changes compatible with a 
diagnosis of glaucoma. 

Subjects were excluded if there were 
orthopedic contraindications to training, 
chest pain, dyspnea, complex ventricular 
arrhythmia, or an ischemic response to 
exercise. Baseline metabolic exercise test- 
ing was obtained before enrolling in the 
aerobic conditioning program. Repeated 
testing was performed on the completion of 
12 weeks of training. 

All exercise training was performed on 
sedentary days after a 10-minute supine 
rest at approximately the same time of day 
(+1 hour) and after fasting for a minimum 
of 4 hours. Resting heart rate, blood pres- 
sure, and baseline slit-lamp Goldmann ap- 
planation intraocular pressure were as- 
sessed before graded cycle ergometry. 

All intraocular pressure measurements 
were done by Goldmann applanation tonom- 
etry. The examiner was masked to the 
intraocular pressure end point but not to 
the exercise status of the patient, since it 
was difficult to mask the subject who had 
recently exercised. Measurements were 
taken twice in each eye and the average 
recorded. 

Exercise testing was performed to voli- 
tional exhaustion on an electrically braked 
cycle ergometer (Corival 300, Quinton, Se- 
attle, Wash) using a standard protocol be- 
ginning at 33 W and increasing 33 W every 
2 minutes. A 12-lead electrocardiographic 
recording (Marquette Case II, Milwaukee, 
Wis) was continuously displayed during ex- 
ercise. Subjects breathed through a low- 
resistance two-way valve (Hans Rudolph, 
Vacumed, Ventura, Calif) with expired air 
passing through a 10-L mixing chamber. 
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Expired oxygen and carbon dioxide were 
continuously measured by paramagnetic 
and infrared analyzers, respectively. Spiro- 
metric values and expired gas analysis were 
measured with a metabolic recording cart 
(Gould 9000 IV, Dayton, Ohio), which was 
calibrated with standard gases before each 
test. Ventilatory recordings were averaged 
over 20-second intervals. A compulsory 
five-minute “cool-down” period was used 
with all subjects, followed by Goldmann 
applanation intraocular pressure measure- 
ments every 10 minutes, until the pressure 
returned to preexercise levels (+1 mm 
Hg). 

Subjects were enrolled in a supervised 
12-week aerobic exercise conditioning pro- 
gram. Individuals trained using a station- 
ary exercycle for 40 minutes, four times per 
week, at a training level between 70% and 
85% of maximum heart rate, as determined 
by their graded cycle ergometry test. Nine 
subjects completed a 12-week supervised 
training program. Of those subjects, one 
performed the required conditioning but 
could not undergo repeated maximal exer- 
cise testing owing to an unrelated industrial 
accident. Her intraocular pressure data are 
included. Four subjects initially enrolled 
did not complete the study because of non- 
compliance with training. Once subjects 
completed the 12 weeks of exercise condi- 
tioning, they resumed their sedentary life- 
style. Baseline intraocular pressure mea- 
surements (controlled ^ as previously 
described) were obtained weekly until the 
intraocular pressure returned to the pres- 
tudy sedentary level (+1 mm Hg). 

Only the right eye of each subject was 
used for statistical analysis. A two-tailed 
paired t test was used for statistical analy- 
sis; P<.05 was considered significant. 


RESULTS 


Five men and four women with a 
mean (+SEM) age of 41+9 years 
(range, 29 to 57 years) completed the 
12-week exercise conditioning pro- 
gram. Heart rate, blood pressure, 
body weight, and maximal oxygen up- 
take before and after conditioning are 
displayed in the Table. The intraocular 
pressure levels before conditioning, af- 
ter training, and following decondition- 
ing are shown in Fig 1. Average base- 


line intraocular pressure before 
conditioning was lowered from 


23.8+1.1 to 19.2 1.2 mm Hg, for a 
total reduction of 4.6+0.4 mm Hg 
(20%) (P<.001) after 12 weeks of 
exercise. 

In addition to changes in resting 
levels, the ocular hypotensive change 
that occurred immediately after maxi- 
mal exertion was different (Fig 2). A 
mean acute intraocular pressure re- 
duction of 7.1 1.3 mm Hg (P=.001) 
was observed before conditioning but 
only decreased 2.6+0.7 mm Hg 
(P=.001) after training. However, no 
absolute differences (in millimeters of 
mercury) were noted in postexertional 
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Physiologic Values Before and After Exercise Conditioning in Eight Subjects" 


Physiologic 
Value 


Resting systolic blood 
pressure, mm Hg 


Before Aerobic 
Conditioning 


131 + 10 


After Aerobic 
Conditioning 


Jet c 13 


Resting diastolic blood 

pressure, mm Hg 80 + 3 79 +4 
Resting heart rate, bpm 80 + 3 76+6 
Weight, kg 73.9 + 6.7 72.8 + 6.3 


Maximal oxygen uptake, 
mL - kg^' - min^' 






1P « .02. 


Intraocular Pressure, mm Hg 


Before Conditioning 


H 


33.2 + 3.21 





*Data are mean SEM. bpm indicates beats per minute. 


30 
28 
26 
24 
22 
20 
18 
16 
14 


After 12 wk 


After Deconditioning 


of Conditioning 


Fig 1.—Intraocular pressure (mean + SEM) of nine subjects before and after conditioning and 
following 1 to 3 weeks of return to sedentary life-style (deconditioning). Asterisk indicates 


P<.001. 


Intraocular Pressure, mm Hg 


Before Conditioning 





ZA 


Liz 


After Conditioning 


Fig 2.—Intraocular pressure (mean + SEM) of eight subjects before (solid bars) and immediate- 
ly after (hatched bars) exercise, before and after 12 weeks of conditioning. Asterisk indicates 


P«.001. 


intraocular pressure levels after maxi- 
mal exercise. 

All subjects discontinued exercise 
after the 12-week conditioning period. 
The lowered resting intraocular pres- 
sure that accompanied conditioning 


significantly changed with cessation of 
training. Within 3 weeks, intraocular 
pressures returned to pretraining lev- 
els (Fig 1). 

Aerobic fitness improved with the 
training program, as assessed by in- 
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creased maximal oxygen uptake 
(6.3+1.6 mL:kg "min ) (30%) 
(P<.02) after 12 weeks of exercise 
training (Table). No differences were 
found in weight, resting heart rate, or 
blood pressure following conditioning 
(Table). 


COMMENT 


Repeated aerobic exercise produces 
predictable physiologic changes. These 
include improvements in the oxidative 
capacity of trained muscles and in- 
creased maximal oxygen uptake and 
cardiac output, along with lower heart 
rate and blood pressure at similar sub- 
maximal workloads." Favorable alter- 
ations become apparent in previously 
sedentary individuals after 6 weeks to 
3 months of conditioning.” Our sub- 
jects achieved a training effect by vir- 
tue of an increase in their maximal 
oxygen uptake (Table). We found that 
elevated resting intraocular pressure 
was concomitantly lowered an average 
4.6+0.4 mm Hg (20%) after exercise 
conditioning in this group of patients 
suspected of having glaucoma. As with 
discontinuing use of a pharmacologic 
agent, when the exercise-conditioned 
subjects returned to their previous 
sedentary life-styles, intraocular pres- 
sures returned to pretrained levels 
within 3 weeks (Fig 1)." 

Sargent and associates’ previously 
described significant declines in intrao- 
cular pressure among 18 subjects with 
ocular hypertension (intraocular pres- 
sure >18 mm Hg) who had undergone 
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6 months of physical training. Their 
control group, however, also had a 
decrease in intraocular pressure, and 
no significant differences between the 
two groups were found. However, nei- 
ther group was sedentary before this 
study, and significant improvements in 
maximal oxygen uptake were not dem- 
onstrated in the group that exercised. 
These investigators utilized noncontact 
tonometry and did not control for fluid 
intake, diurnal variations, or physical 
activity before intraocular pressure 
measurements. 

Before conditioning, we observed in- 
traocular pressure to be acutely low- 
ered 7.11.3 mm Hg (29%) after a 
single maximal exercise session. At 
the end of 12 training weeks, acute 
intraocular pressure reductions were 
attenuated, but still lowered 2.6 — 0.7 
mm Hg (22%). This dampening of the 
ocular hypotensive effect following 
maximal exercise may only reflect the 
trained state and lower baseline in- 
traocular pressures, as actual levels 
after one bout of exertion were similar 
(Fig 2). 

Since a single exercise session tran- 
siently reduced intraocular pressure, it 
is important to recognize that recent 
exertion may mask increased intraocu- 
lar pressure in patients who present 
for routine examination. We suggest 
that an exercise history be taken to 
determine intraocular pressure dy- 
namics more accurately and to ensure 
an adequate assessment. Changes in 
exercise status should also be moni- 
tored in routine glaucoma care, just as 
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changes in pharmacologic therapy are 
noted. 

The mechanism by which exercise 
conditioning lowers intraocular pres- 
sure is unknown. However, certain 
effects of regular exercise have been 
likened to B-adrenergie antagonists,” 
drugs that are first-line agents for the 
treatment of intraocular hypertension 
and glaucoma. More specifically, aero- 
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catecholamine levels, especially nor- 
epinephrine concentrations." Regular 
exercise also enhances the parasympa- 
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cular pressure. The magnitude of the 
alteration in intraocular pressure asso- 
ciated with conditioning is in the range 
of other therapeutic agents, such as B- 
blockers, adrenergics, and miotics. ^ 
Also, the reduction of intraocular pres- 
sure after training has a 1- to 3-week 
washout with detraining, similar to B- 
bloeker withdrawal." 

Regular aerobic exercise lowered in- 
traocular pressure in this small group 
of patients suspected of having glauco- 
ma. The possible mechanism of action 
of exercise conditioning, and whether 
it has a role as a nonpharmacologic 
alternative or addition to medical ther- 
apy, will require further study. 
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A Simple Method of Determining the Time Course 
of Timolol’s Effects on Aqueous Flow in Humans 


Mikiro Mori, MD, Makoto Araie, MD 


è We have devised a simple method of 
determining the time course of the effects 
of timolol maleate on aqueous flow using 
changes in aqueous protein concentra- 
tions. Aqueous protein concentrations 
were measured with a laser flare-cell me- 
ter. First, the value of the coefficient of 
protein entry into the anterior chamber 
(k,) was determined in both eyes of 10 
normal subjects. One week later, aqueous 
protein concentration changes were mea- 
sured in both eyes of the same subjects 
before and after instillation of timolol in 
one eye. From these changes and the 
value of k,, changes in the aqueous flow 
rate were calculated using an equation 
formulating protein kinetics in the anterior 
chamber. Results of a separate experi- 
ment showed that instillation of topical 
timolol did not change the k,,, justifying 
use of the k,, as determined without con- 
sidering timolol in the calculation. The 
calculated flow rate had a maximum de- 
crease of 30%+ 10% (mean + SEM, n- 10) 
4 hours after instillation in treated eyes 
and of 1096 +6% 3 hours after instillation 
in fellow, untreated eyes. 

(Arch Ophthalmol. 1991;109:1099-1103) 


T molol maleate, a nonselective B- 

blocker, is most widely used in the 
treatment of glaucoma. Although it is 
established that timolol lowers intra- 
ocular pressure (IOP) by reducing 
aqueous flow," there is no general 
agreement on the cellular mechanisms 
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of its action." When studying the 
pharmacologic effects of timolol in hu- 
man eyes, a simple and noninvasive 
method of continuously monitoring the 
drug's effect on aqueous flow rates is 
preferred. Fluorophotometry, as used 
for this purpose, has several disadvan- 
tages: (1) Topical application of fluores- 
cein, which is an exogenous substance, 
may cause adverse effects in the outer 
segments of the eye. (2) The aqueous 
flow rate determined using fluoropho- 
tometry (the modified Jones-Maurice 
Method IT") depends more on the dye 
concentration in the cornea (F) than 
on that in the anterior chamber (F,), 
although F, is sometimes difficult to 
determine because of uneven distribu- 
tion of dye. Furthermore, the two- 
compartment model, the theoretical 
basis of the Jones-Maurice Method II, 
requires that a change in F, cause an 
instantaneous change in F.. The dye, 
however, moves much more slowly in 
the cornea than in a free solution.“ 
Thus, the change in F, should be de- 
layed. (3) Accurate fluorophotometric 
measurements can be made for no 
more than 6 to 7 hours after instillation 
of the dye because the dye concentra- 
tion declines after that, making mea- 
surements unreliable. Because the ef- 
fects of timolol and other g-blockers on 
the aqueous humor dynamics in hu- 
mans last more than 12 hours,’ fluoro- 
photometry may not be suitable for 
monitoring their effects. 

Previous studies"" suggested that 
the changes in aqueous flow rate in 
living eyes can be measured using flare 
intensity in the anterior chamber. A 
recently developed instrument, the 
flare-cell meter, has facilitated accu- 
rate flare measurements in living 
eyes, ^" allowing evaluation of the 
drug's effects on aqueous flow rate as 


measured by changes in flare intensi- 
ty." This method does not have the 
disadvantages of fluorophotometry. A 
precondition of this method is that the 
drug tested have no effect on the coef- 
ficient of entry of light-scattering mac- 
romolecules (ie, proteins in normal 
eyes) into the anterior chamber. We 
report that the time courses of changes 
in the effects of topical timolol on aque- 
ous flow rates in human eyes can be 
determined easily from measurements 
of flare intensity in the anterior cham- 
ber and that timolol meets the precon- 
dition of this method. 


SUBJECTS, MATERIALS, 
AND METHODS 


Sixteen Japanese male volunteers aged 
20 to 24 years were included in the study. 
None had ocular or systemic diseases. Their 
refractive errors were all within 4 diopters 
(D). This study was approved by the Ethics 
Committee of the University of Tokyo (Ja- 
pan) School of Medicine. Informed, written 
consent was obtained from each subject 
after the procedure had been fully 
explained. 


Drug 


A 0.5% ophthalmic solution of timolol 
maleate (Timoptol) and its vehicle were 
supplied by Santen Pharmaceutical (Osaka, 
Japan) from recently manufactured stock. 


Instrumentation 


Flare intensity in the anterior chamber 
was measured using a laser flare-cell meter 
(FC-1000, Kowa, Tokyo, Japan). Flare in- 
tensity measurements were converted to 
the equivalent human albumin concentra- 
tion as previously described." Fluorophoto- 
metrie measurements were made using a 
fluorophotometer (Fluorotron Master, Co- 
herent Medical, Palo Alto, Calif) equipped 
with an anterior segment adaptor. Since the 
fluorophotometer underestimates the fluo- 
rescein concentration in the cornea, it was 
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corrected by a factor of 1.7 on the basis of 
results from our previous report. " 


Method of Calculation 


Flare intensity in the anterior chamber 
depends on the concentration of macromole- 
eules in the chamber, almost all of which are 
proteins. When the anterior chamber vol- 
ume is constant, the dynamies of protein 
transfer in the anterior chamber are as- 
sumed to be expressed by the following 
equation": 


à) — 9€. tc C )-ku C(t) 


dt 

in which d represents a differential; C, (t), 
the protein concentration in the anterior 
chamber at time t; C, the total plasma 
protein concentration; k,, the coefficient of 
protein entry into the anterior chamber; 
and k,,,, the coefficient of protein loss from 
the anterior chamber. Because protein mol- 
ecules exit from the anterior chamber ex- 
clusively in the bulk aqueous flow," the 
aqueous flow rate at time t, f(t) is the 
product of k,, and the anterior chamber 
volume, V,. Thus, equation 1 is rewritten as 
follows: 


—dinC,(t) mr. 
2) f(t)=V, s rU PN MEM 
CR | dt C(t) 


in which ln indicates a natural logarithm. 
When the k „ remains unchanged and its 
value is known, f(t) can be readily calculat- 
ed from the values of C,(t), V, and C, using 
equation 2. 


Calculation of Aqueous Flow Rate From 
Flare Intensity in the Anterior Chamber 


The value of k, in protein and flare 
measurements in which timolol is not con- 
sidered is determined using equation 3: 


(3) k,- E + 4 Vic, c o) 
V dt 


a 


The values of k, in both eyes of 10 subjects 
were calculated from f(t), C,(t), V, 
dC,(t)/dt, and C, values as determined us- 
ing equation 3. 

Aqueous flow rate, f(t), was determined 
fluorophotometrically using the Jones-Mau- 
rice Method II.” Fourteen hours after ad- 
ministration of topical anesthesia and instil- 
lation of five drops of a 10% fluorescein 
solution (Fluorescite, Alcon Laboratories, 
Fort Worth, Tex) in both eyes, fluorescein 
concentrations in the cornea (F,) and the 
anterior chamber (F,) were measured. 
Measurements were made from 9 AM to 
11 AM at 40-minute intervals. Logarithms of 
the fluorophotometric measurements were 
plotted against time. The rates of fluoresce- 
in loss from the cornea (A,) and the anterior 
chamber (A,) were calculated using a slope 
of the lines fit for four measurements using 
the least-squares method. Anterior cham- 
ber volume (V,) was measured by the pho- 
togrammetric method" at 10 AM. The aver- 
age aqueous flow rate between 9 AM and 
11 AM (f) was used as the f(t) in equation 3 
and calculated using the following 
equation": 


(4) f-0.9[(F / F,)V.A.*V,A,] 
in which V, is the volume of the corneal 
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Fig 1.— Time courses of changes in protein concentration in the anterior chamber (top) and in 
intraocular pressure (IOP; bottom) in the 0.596 timolol-treated eyes (solid circles) and in the 
same eyes at the beginning of the study, when no eyes had been treated (open circles). Bars 
represent SEM; n = 10 eyes. Asterisks indicate P<.05, and daggers, P<.01 by a paired t test. 


The arrows indicate time of drug instillation. 


stroma, which was assumed to be 70 uL,” 
and (F/F,) is the mean of four measure- 
ments of F/F. 

One week after the fluorophotometric 
experiment, flare intensity in the anterior 
chamber and IOP in the eyes of subjects 
who participated in the experiment were 
measured from 9 AM to 9 PM at 30-minute to 
2-hour intervals. At each measurement, 
flare intensity was measured using a laser 
flare-cell meter, then IOP was measured 
with a Goldmann applanation tonometer. 
Flare intensity measurements were con- 
verted to protein concentration values in 
the anterior chamber [C,(t)] as described 
above. Venous blood samples were col- 
lected at 9 PM, and total plasma protein 
concentration (C,) was determined with the 
biuret test. The values of C,(t) determined 
at 9 AM, 10 AM, and 11 AM were averaged 
for each eye and used as the C,(t) in equa- 
tion 3. The term dC,(t)/dt was calculated 
using a slope of the line fit for 9 AM, 10 AM, 
and 11 AM measurements using the least- 
squares method. The V, and f in each eye 1 
week earlier were assumed to be stable. 
These C,(t) values and IOPs were also used 


as the baseline data in the timolol experi- 
ment described below. 

Two weeks after the fluorophotometric 
experiments, flare intensity in the anterior 
chamber and IOP were measured again in 
the same subjects in the same manner using 
the same time schedule. Thirty microliters 
of a 0.5% timolol solution was instilled at 
11 AM in one randomly chosen eye of each 
subject, and the vehicle was instilled in the 
other eye in a double-masked fashion. 

The f(t) was calculated from the C,(t) 
value using equation 2; V,, C, and k, were 
assumed to be unaltered. In calculating the 
time course of f(t), the term dlnC,(t)/dt at 
each time interval was approximated by the 
difference equations.” 


Effect of Topical Timolol on the k,, 


A supplementary experiment was per- 
formed in another group of six subjects to 
confirm that topical timolol does not affect 
k,,. Before and after timolol instillation in 
one eye, k, was calculated using equa- 
tion 3. 

Fourteen hours after instillation of fluo- 
rescein solution, F, and F, were measured 
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from 8 AM to 3 PM at 1-hour intervals as 
described above. At 11 AM, 30 uL of 0.5% 
timolol was instilled in one randomly chosen 
eye of each subject, and the vehicle was 
instilled in the other eye in a double-masked 
fashion. At 10 AM and 2 PM, V, was mea- 
sured using the photogrammetric method,” 
and the IOP using a Goldmann applanation 
tonometer in which condensed milk was 
employed to delineate corneal flattening. 
One week later, flare intensity in the ante- 
rior chamber and IOP were measured from 
8 AM to 3 PM at I-hour intervals. At 11 AM, 
30 uL of 0.5% timolol was instilled in the 
same eye as in the fluorophotometric ex- 
periment. Venous blood samples were col- 
lected at 3 PM, and C, was determined using 
the biuret test. In both the treated and 
fellow eyes, average flow rates between 
8 AM and 11 AM and between noon and 3 PM 
were calculated. The values of k, in each 
period were determined as described 
above. 


RESULTS 
Calculation of Aqueous Flow Rate From 
Flare Intensity in the Anterior Chamber 


The mean value (+SEM) of k, was 
4.31+0.26 x10 "/min in the 20 eyes of 
the 10 subjects. Compared with the 
baseline measurements obtained at the 
beginning of the study, when no eyes 
had been treated, the C,(t) in the timo- 
lol-treated eye increased significantly 
from 1 to 10 hours after instillation 
(P<.05 by a paired t test). A maximum 
increase of 6396 +7% (n— 10) occurred 
4 hours after instillation. The IOP in 
the timolol-treated eye significantly 
decreased from 30 minutes to 10 hours 
after instillation, and the greatest re- 
duction (4.90.3 mm Hg) occurred 
2.5 hours after instillation (Fig 1). The 
C,(t) in the fellow eye increased signifi- 
cantly 3.5, 4, and 8 hours after instilla- 
tion, and the maximum increase 
(25% + 6%) occurred 4 hours after in- 
stillation. The IOP in the fellow eye 
significantly decreased from 1 to 
10 hours after instillation, and the 
greatest reduction (2.3+0.5 mm Hg) 
occurred 2.5 hours after instillation 
(Fig 2). The maximum difference in 
IOP between the treated and fellow 
eyes was 3.0+0.5 mm Hg (n= 10). 

The f(t) in the timolol-treated eye 
calculated from the changes in C, sig- 
nificantly decreased 30 minutes to 10 
hours after instillation compared with 
the baseline values obtained at the 
beginning of the study, when no eyes 
had been treated. A maximum reduc- 
tion of 3896 +3% occurred 4 hours after 
instillation. The f(t) in the fellow eye 
calculated using the changes in C, also 
significantly decreased 3, 3.5, 4, and 
8 hours after instillation, and the 
greatest reduction (2396-596) oc- 
curred 3 hours after instillation. The 
ratio of reduction in f(t) in the treated 
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Fig 2.— Time courses of changes in protein concentration in the anterior chamber (top) and in 
intraocular pressure (IOP; bottom) in untreated eyes while fellow eyes were treated with 0.595 
timolol (solid circles) and in the same, untreated eyes at the beginning of the study, when fellow 
eyes were also untreated (open circles). Bars represent SEM; n= 10 eyes. Asterisks indicate 
P<.05, and daggers, P<.01 by paired t test. The arrows indicate time of drug instillation. 


eye was significantly higher than that 
in the fellow eye from 1 to 2.5 hours 
and from 4 to 10 hours after instillation 
(Fig 3). Compared with the f(t) 1 hour 
before instillation, maximum reduc- 
tions of 3096-596 and 10%+6% oc- 
curred 4 and 3 hours after instillation 
in the treated and fellow eyes, 
respectively. 


Effect of Topical Timolol on the k,, 


The average aqueous flow rates af- 
ter instillation of topical timolol in 
treated eyes were significantly lower 
(20% + 7%) than the rates before instil- 
lation of timolol. They were also signif- 
icantly lower (17% +6%) than the rates 
in fellow eyes (n=6; P<.05 by a paired 
t test) (Table 1). The IOP in treated 
eyes was significantly lower than in 
fellow eyes (2.8+0.3 mm Hg; P<.01) 
3 hours after instillation. Intraocular 
pressures on the day of the fluoropho- 
tometric experiment did not differ sig- 
nificantly from those on the day of the 
flare measurements (P>.1 by a paired 


t test), indicating that the effects of 
timolol during the 2 days were not 
significantly different. No significant 
difference in the k, was found between 
the treated and the fellow eyes or 
between the periods before and after 
drug instillation (P>.1 by a paired t 
test) (Table 2). 


COMMENT 


In determining the values of k,, it is 
desirable to measure the dye concen- 
trations and the flare intensity in the 
anterior chamber simultaneously. We 
measured them on separate days to 
avoid any possible influence of the dye, 
which was highly concentrated in the 
cornea, on the measurement of flare 
intensity in the anterior chamber. 

Calculation of the aqueous flow rate 
from the measurements of flare inten- 
sity in the anterior chamber is valid 
when topical timolol does not affect k.. 
The results of the supplementary ex- 
periment verified this precondition. 


Timolol and Aqueous Flow— Mori & Araie 1101 


ea te ee 1.2 o o 


sa "A 


Fig 3.—Top, Time courses of changes in the 
calculated aqueous flow rates in the timolol- 
treated eyes (solid circles) and in the same 
eyes without treatment (open circles). Middle, 
Time courses of changes in the calculated 
aqueous flow rates in untreated eyes while 
fellow eyes were treated with timolol (solid 
circles) and in the same, untreated eyes at the 
beginning of the study, when fellow eyes were 
also untreated (open circles). Bottom, Time 
courses of changes in the reduction of aque- 
ous flow rates in treated (squares) and fellow 
untreated (triangles) eyes. Bars represent 
SEM; n- 10 eyes. Asterisks indicate P<.05, 
and daggers, P<.01 by paired t test. The 
arrows indicate time of drug instillation. 
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Moreover Stur et al^" showed that J 
topical timolol does not change the 
proportion of proteins with different 
molecular weights in the sampled hu- 
man aqueous and does not affect the 
blood-aqueous barrier. Our results are 
confirmed by those of previous studies. 

The time course of the effect of 
timolol on aqueous flow rates in hu- 
mans can be easily determined from 
measurements of flare intensity in the 
anterior chamber. The mean aqueous 
flow rate in treated eyes 4 hours after 
instillation of timolol was 24% +4% 
lower than the rate before instillation 
of timolol and 21% +5% lower than the 
O AM 11 AM 1 PM 3 PM 5 PM 7 PM 9 PM rate in fellow eyes after instillation of „ 
timolol (n= 10). These values are com- 
parable with those determined using 
fluorophotometry in the supplemen- 
tary experiment, but somewhat small- 
er than those of whites. ^ This discrep- 
ancy is probably due to differences in 
the amount of uveal pigment in the 
subjects’ eyes, because binding of ti- 
molol to uveal pigment reduces its 
biophase concentration. ™” 

This method is more suitable for 
human studies than fluorophotometry 
because application of an exogenous 
tracer such as fluorescein is unneces- 
sary and the time courses of changesin à 
aqueous flow rates can be monitored as 
long as necessary if subjects are coop- 
erative. The disadvantage is that the 
value of k, for protein must be deter- 
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Table 2.— Coefficient of Protein Entry Into the Anterior 


Table 1.—Average Aqueous Flow Rate (n = 6)* Chamber (kn) (n = 6)* 


Before Administration After Administration Before Administration After Administration 
of 0.5% Timolol of 0.5% Timolol of 0.5% Timolol of 0.5% Timolol 
in Treated Eyes, in Treated Eyes, in Treated Eyes, in Treated Eyes, 

uL / min uL / min uL / min 





Treated eyes 
Fellow, untreated eyes 


Treated eyes 


Fellow, untreated eyes 
* Flow rates are means + SEMs and were determined fluorophotometrically. * Values are means + SEMs. 
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mined in each eye using the aqueous 
flow rate, V,, and C,. This procedure 
can be simplified if fixed values are 
used for k,, C,, and V, for both eyes. 
When the mean k,, C, and V, values 
(4.31x 10 "/min, 7.0 g/100 mL, and 
219 uL, respectively) were used in our 
subjects eyes, the maximum reduction 
in the calculated aqueous flow rates 
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Mizuo Phenomenon in X-linked Retinoschisis 


Pathogenesis of the Mizuo Phenomenon 


Paul T. V. M. deJong, MD, PhD, FCOphth; Eberhart Zrenner, MD, PhD; 
Gerard J. van Meel, MD, PhD; Jan E. E. Keunen, MD, PhD; Dirk van Norren, PhD 


e Four unrelated males with X-linked 
retinoschisis and a golden fundus reflex 
had Mizuo-Nakamura phenomenon, 
which, to our knowledge, has been de- 
scribed only in Oguchi’s disease and 
X-linked cone dystrophy. These findings, 
together with experimental observations 
and data from the literature, led us to 
hypothesize that the Mizuo-Nakamura 
phenomenon is caused by an excess of 
extracellular potassium in the retina as a 
result of a decreased potassium scav- 
enging capacity of retinal Müller cells. 

(Arch Ophthalmol. 1991;109:1104- 
1108) 


Tre Mizuo phenomenon, also called 

the Mizuo-Nakamura phenomenon, 
is a change in the color of the fundus 
from red in the dark-adapted state to 
golden immediately or shortly after 
the onset of light." The color of the 
fundus reflex in the light state has also 
been described as flaking golden, gold 
dusted, golden-yellow, gray-white, 
and yellow-white. This reflex can ap- 
pear either homogeneous or streaky. 
To our knowledge, the phenomenon 
was first described in connection with, 
and has been considered to be patho- 
gnomonic for, Oguchi’s disease, an 
autosomal-recessive inherited form of 
nyctalopia occurring mainly in Japan.” 
The Mizuo phenomenon, however, has 
also been described in X-linked reces- 
sive cone dystrophy.* This is the first 
report, to our knowledge, of the Mizuo 
phenomenon in unrelated subjects 
with X-linked juvenile retinoschisis. A 
new explanation is suggested for the 
origin of the Mizuo phenomenon, 
which, as yet, is still unknown. 
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SUBJECTS AND METHODS 


After giving informed consent, the sub- 
jects described their medical and family 
histories and underwent a complete oph- 
thalmological examination that included in- 
direct ophthalmoscopy and biomicroscopy. 
Only subjects with X-linked retinoschisis 
who had a marked golden fundus reflex 
were included in this study. Since 1987, 
when one of us (P.T.V.M.J.) first saw the 
Mizuo phenomenon in a patient with 
X-linked retinoschisis, eight patients with 
this disorder, four of whom had a golden 
fundus reflex, have been seen. 

We investigated the Mizuo phenomenon 
by determining the region of the eye and 
the fundus demonstrating maximum golden 
reflex on indirect ophthalmoscopy after pu- 
pillary dilatation with 0.5% tropicamide and 
5% phenylephrine hydrochloride. Subse- 
quently, all subjects were asked to wear a 
dark patch that completely occluded the eye 
with the most marked golden reflex from 
bedtime until they visited the eye clinic the 
next morning. They were requested to ap- 
ply the same drops to the occluded eye in 
the dark before leaving for the clinic. The 
shield was removed in the hospital while 
the subject sat in the dark. The previously 
defined region with maximum golden reflex 
was examined with an indirect ophthalmo- 
scope with a halogen light source. The same 
procedure was repeated at another date, 
but the patch was removed in front of a 
fundus camera (TRC-WT 45 or TR C-50 VT, 
Topcon, Tokyo, Japan) A red filter was 
placed in the path of the focusing beam of 
the camera and removed just before color 
transparencies were taken (EPR 5017, Ko- 
dak, Rochester, NY) with a normal flash 
intensity and color temperature of 5500°K. 
The first 15 photographs were taken at 
2-second intervals, and the remaining pho- 
tographs at 15-second intervals. For each 
subject, a fresh role of film was put into the 
camera so that all exposures were on the 
same film. In case 1, the procedure was 
repeated with a red-free filter in the light 
beam. 

Rod densitometry and spectral fundus 
reflectance were measured according to our 
standardized procedure” after 12-hour oc- 
clusion of one eye in two patients. For these 
measurements, the fundus area that on 
earlier examination had the clearest Mizuo 
phenomenon was selected. 


REPORT OF CASES 


CASE 1.—In 1966, a 25-year-old man 
presented with subnormal visual acuity of 
20/100 OD with a refraction of —1.0 diop- 
ters (D) sph and 20/100 OS with —2.50 D 
sph = —2.50 D cyl axis 180°. The patient 


exhibited macular degeneration that was 
detectable ophthalmoscopically, mild optic 
atrophy, and some vitreous veils, but no 
signs of peripheral retinoschisis. After un- 
dergoing an extracapsular cataract extrac- 
tion with posterior chamber lens implanta- 
tion, the patient underwent two more 
operations in his right eye for retinal de- 
tachment. In 1986, a marked golden reflex 
was noted for the first time; it was most 
pronounced temporally to the macula and in 
the equatorial region of his unoperated left 
eye (Fig 1). Since no explanation for this 
reflex could be found, a genealogical inves- 
tigation was begun in 1988. The patient 
belonged to a family in which four cases of 
X-linked juvenile retinoschisis were known; 
on inquiry, he remembered that his mater- 
nal grandfather had always had poor visual 
acuity and had used a magnifying glass to 
read, even when young. 

CASE 2.—In 1961, a 13-year-old boy pre- 
sented with visual acuity of 0.8 OD and 
finger counting at 4 m OS. The lack of a 
macular reflex was noted, as was a cystoid 
foveal structure. Retinoschisis that ex- 
tended to the optic dise was found in both 
lower fundi. The patient’s brother and ma- 
ternal uncle also had X-linked retinoschisis; 
the pedigree has been described else- 
where.’ In 1988, we were struck by the 
golden reflex of the left retina. This reflex 
extended from an area with retinoschisis to 
an area without it (Fig 2). 

CASE 3.—This patient has been described 
elsewhere. In 1969 a 7-year-old boy pre- 
sented with a visual acuity of 0.8 OD and 
0.4 OS. One year later, his visual acuity was 
0.3 OU. His fundus was described as having 
foveal retinoschisis and silver-grayish glis- 
tening reflexes in some parts of the retinal 
periphery. In 1988, the patient’s visual acu- 
ity was 0.15 OU; both eyes exhibited a 
slight macular degeneration with some fo- 
veal schisis still visible in the left eye. No 
peripheral schisis could be found. There 
was a striking golden reflex that was maxi- 
mal about 15° temporally to the fovea as 
well as outside the temporal vascular ar- 
cade in both eyes; it was much less pro- 
nounced in the dark (Fig 3). 

CASE 4.—A 7-year-old boy presented be- 
cause of visual problems he had in school. 
His best corrected visual acuity was 0.8 OU 
due to foveal schisis. In the lower quad- 
rants of the right eye, a peripheral schisis 
was found along with a sharply demarcated 
golden reflex (Fig 4). No retinoschisis was 
found in the left eye. A golden reflex was 
visible temporal to the macula. The pa- 
tient’s mother had a healthy son from a first 
marriage; she was Eurasian and knew noth- 
ing about a family history of poor visual 
acuity. 
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Fig 3.— Case 3. Top, Third photograph of the left eye taken 
after two flashes. Bottom, Same area after full light adaptation. 
Note the change in color. 





Fig 1.—Case 1. Top, Golden fundus reflex temporally to the 
left macula. Note the red reflex along the inferior vessels (ar- 
rows). Bottom, Contact lens view of equatorial region of the 
same eye. Sharply demarcated areas with normal color were 
scattered over regions with golden reflexes. 





Fig 2.—Case 2. Golden reflex in the left inferior retina. The 
reflex did not change between areas with retinoschisis (below 
arrows) and without retinoschisis. 


Fig 4.— Case 4. Right inferior fundus exhibits sharply demar- 


cated golden reflex with darker red speckles in the retinoschisis 
area (arrow). 
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RESULTS 


In all of these cases the golden fun- 
dus reflex and Mizuo-Nakamura phe- 
nomenon were most marked temporal 
to the fovea. It was, however, difficult 
to capture the Mizuo phenomenon on 
film; the best example is shown in Fig 
3. In case 1, the first change became 
visible within 10 seconds of ophthal- 
moscopy and after five flashes, with a 
maximum change in color after 16 
flashes within about 30 seconds. On the 
red-free photographs a change in color 
could also be seen. In case 2, no change 
could be recorded on film, but during 
ophthalmoscopy changes became visi- 
ble after 15 seconds. In case 3, it took 
six flashes and about 10 seconds to see 
the first color changes; the maximum 
effect was already visible on the 10th 
photograph within about 25 seconds. 
No photographs of patient 4 were tak- 
en after patching, but the golden reflex 
was visible after 30 seconds of ophthal- 
moscopy. Patients 1 and 3 exhibited a 
normal red reflex along some vessels in 
areas with the golden fundus reflex 
(Fig 1). 

Biomicroscopy with a +60 D fundus 
lens showed that in patients 2 and 3 
the golden reflex was located deep in 
the neuroretina and was continuous 
across areas with and without retin- 
oschisis (Fig 2). 

Rod densitometry showed normal 
results. The results of spectral fundus 
reflectance are shown in Fig 5 for 
patients 1 and 3. In both cases, no 
significant changes occurred during 
light adaptation. 

Results of all recent psychophysical 
and electrophysiological tests are pro- 
vided in the Table. 


COMMENT 


This is the first report, to our knowl- 
edge, describing the Mizuo phenome- 
non in males with X-linked juvenile 
retinoschisis. In all four subjects little 
or no golden reflex was observed di- 
rectly after removal of the eye patch, 
but within 10 to 20 seconds it became 
visible on indirect ophthalmoscopy. 
Thus, this is the third disorder, in 
addition to Oguchi's disease** and cone 
dystrophy, that is accompanied by 
this phenomenon. 

As far as we know, the origin of the 
Mizuo phenomenon in Oguchi’ss disease 
has not yet been determined.’ There 
have been contradictory autopsy re- 
ports of an abnormal pigmented layer 
next to the photoreceptors and fuscin 
bodies in the pigment epithelium™” as 
well as pigment granules in the nerve 
fiber layer." Electrophysiologic meth- 
ods have also not solved the question 
of the pathogenesis of Mizuo’s phenom- 
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Fig 5.—Spectral fundus reflectance in patients 1 and 3 compared with six healthy controls. 
Circles indicate controls; shaded area, SDs for the controls; squares, patient 1; and asterisks, 


patient 3. 


enon. ^" Electrophysiologic reeordings 
of photoreceptor function and rod den- 
sitometry have shown that the concen- 
tration and regeneration as well as the 
photosensitivity of rhodopsin in Ogu- 
chis disease might be normal." The 
scotopic b-wave of the electroretino- 
gram was found to be absent even 
when the normal scotopic threshold 
was reached after 4 hours of dark 
adaptation. Carr and Ripps" concluded 
that the visual problems were due to 
defective neural processes within the 
retina. 

In view of the histologic findings and 
normal visual pigment kinetics of Ogu- 
chis disease" and X-linked retinoschi- 
sis demonstrated in this study, it is 
unlikely that abnormal rhodopsin ki- 
neties plays a role in the Mizuo phe- 
nomenon. We could not find a distinct 
change in fundus reflection with fun- 
dus reflectometry for the area with the 
golden sheen; this could imply that the 
change in fundus color is too subtle to 
be detected by this technique. 

Photographs of the Mizuo phenome- 
non can be quite difficult to obtain with 
fundus photography.' The angle be- 
tween incident and emerging rays is 
greater in a fundus camera than an 
ophthalmoscope, which is why it is 
more easily seen than photographed. If 
this angle exceeds 15°, the Mizuo phe- 
nomenon cannot be photographed." 
According to Sato and Baba," the Mi- 


zuo phenomenon could not be elicited 
in patients with a retinal sheen, eg, in 
cases of retinitis pigmentosa or retini- 
tis punctata albescens or in dogs with a 
prominent tapetal light reflex." In ad- 
dition, the possibility that the Mizuo 
phenomenon is due to polarization of 
the light was excluded by means of 
experiments with polarizing filters." 
The paravascular red fundus in areas 
with golden reflex, as seen in our 
patients 1 and 2, was also observed in a 
patient with cone dystrophy and Mizuo 
phenomenon.' 

In our patients with X-linked reti- 
noschisis, the reappearance of the 
golden reflex occurred within 15 to 
30 seconds. This is much faster than 
that described in the literature for 
Oguchi’s disease, where it took from 
10 minutes" to 10 to 15 minutes" to 
30 minutes" to 45 minutes.” 

EXPLANATION FOR THE MIZUO 
PHENOMENON 

One of us (E.Z.) repeatedly ob- 
served that small amounts of 3-mol/L 
potassium chloride leaking from a de- 
fective microelectrode into the inner 
retina of a cat and monkey produced a 
yellow-golden sheen very similar to 
that observed in subjects with Mizuo 
phenomenon. This golden reflex disap- 
peared a short time after the electrode 
was retracted. When non-potassium- 
containing solutions were used, the 
reflex was much less pronounced. 
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Findings, uV (Amplitude) 


Visual 
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*FC indicates finger counting. 


b-Wave§ 


Rod b-Wave Light 
Amplitude Electro- Peak / 

Electroretino- oculographic Dark 

graphic Find- Values, Standing 
ings, aV || Potential, uV‘ 


356 1.9 2.1 


fThe normal lowest laboratory value minus 2 SD is 50 uV. 


tValues should be multiplied by 4 for comparison with cases 1 through 3 due to the use of eyelid electrodes. 


SThe normal lowest laboratory value minus 2 SD is 100 4V.?* 
|The normal lowest laboratory value minus 2 SD is 200 uV.** 
‘The normal lowest laboratory value minus 2 SD is 300 uV." 
*t Measured using Arden's method. The normal lowest laboratory value is 1.85. 


* * Measured with Goldmann-Weekers adaptometer. 


ttFarnsworth dichotomous (D15) test or Hardy-Rand-Rittler test. 
+#Measured with Goldmann perimeter; background luminance, 31.5 apostilb; target sizes, 64 mm? and 0.25 mm^; and target luminances, 300, 100, and 30 cd/m*. 


Interestingly, a similar whitish-yel- 
low sheen travels across the retina in 
the event of spreading depression of 
electrical activity." Spreading depres- 
sion releases a wave of high ionized 
potassium (K^) concentration that 
travels at a low speed across the reti- 
na." From these observations, it 
seems reasonable to assume that in- 
creased concentrations of K* or potas- 
sium chloride can produce a yellowish 
fundus reflex similar to that seen in 
the Mizuo phenomenon. 

If we assume that the ophthalmo- 
scopic findings of the Mizuo phenome- 
non are based on exceedingly high K` 
levels, we must ask what mechanisms 
of K* release and uptake exist in the 
retina, and to what extent such mecha- 
nisms are affected by retinoschisis. 
Light falling on the retina results in 
hyperpolarization of the photorecep- 
tors and in increased extracellular K*; 
in the dark-adapted state, the extra- 
cellular K* concentration is much low- 
er again." The Müller cell transports 
K' away from the retina"; 94% of the 
superfluous K' passes from the Müller 
cell through the endfoot process into 
the vitreous cavity.^^ The Müller cell 
is a passive K' exchanger whereby the 
exchange rate depends on the concen- 
tration gradient between source and 
sink sides, the vitreous being the 
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sink.” On the basis of histologic find- 
ings^ we can assume that Müller cells 
in the posterior retina become longer 
in the course of the development of 
retinoschisis. This elongation will have 
a pronounced effect on the K* turnover 
since the optimum length of the Miiller 
cell for K* uptake is in the range of 
115 pm.” Longer Müller cells exhibit a 
greatly reduced K* uptake and clear- 
ance that lead to an excess of K* in the 
extracellular space. 

In X-linked retinoschisis, the nerve 
fiber and ganglion cell layers undergo 
retinal splitting." Normally, Müller 
cells cross this interface, but intrare- 
tinal filaments thought to be derived 
from defective Müller cells have been 
described in X-linked retinoschisis.” In 
advanced stages of this schisis, the 
endfoot part of the elongated Miiller 
cell ruptures so that there is no longer 
direct communication with the vitre- 
ous body. Consequently, all of the K’ 
at the proximal end of the Müller cell 
will leak into the schisis cyst, which 
then becomes the K' sink instead of 
the vitreous cavity. Another explana- 
tion for an excess of extracellular K’ 
might be found in the nature and dis- 
tribution of K* channels within Müller 
cells. Potassium is taken up via in- 
wardly directed K' channels in the 
Müller cell membrane in the region of 


Trough 
Quotient# 
TOC Om: OO OO Oe aM — — — Sensitivity Loss, 


Dark 
Adaptation 
Color Visual 
log units" * Visiontt Fieldstt 


Tritan R and L, normal 


Normal R, relative paracen- 
tral scotoma 
within nasal infe- 
rior 30°; depres- 
sion upper half to 
30°; L, not per- 
formed 


Tritan R, relative paracen- 
tral scotoma 
within temporal 
35°; normal peri- 
pheral isopters; L, 


normal 
Not per- Normal 


formed 


R, depression upper 
field to 25°; L, 
normal 





the inner plexiform layer.” Inadequate 
functioning of these channels would 
thus lead to higher extracellular K* 
concentrations in the inner plexiform 
layer. 

Alternatively, a high extracellular 
K' concentration might also be created 
by excess K* formation instead of de- 
creased uptake by the Müller cells. 
This mechanism is unlikely since the 
photoreceptor layer and phototrans- 
duction process can be expected to be 
normal in X-linked retinoschisis, as 
inferred from histologic findings, elec- 
tro-oculography, and fundus reflectom- 
etry. In the subretinal space, excess 
K' might also develop due to loss of 
the K' buffering capacity of the retinal 
pigment epithelium.” The normal elec- 
tro-oculographic values in both Ogu- 
chis disease and X-linked retinoschisis 
do not support this last possibility as 
a probable cause of the  Mizuo 
phenomenon. 

The hypothesis that defective Müller 
cells cannot act properly as K* scaven- 
gers in Oguchi's disease as well as in 
X-linked retinoschisis would also easily 
explain the electrophysiologic data 
that characterize these disorders. The 
b-wave is generated by K' flow 
through the Müller cells mainly as a 
result of light-evoked depolarization of 
"ON" bipolar neurons." “ON” bipolar 
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neurons depolarize when light falls on 
their related photoreceptors, while 
“OFF” bipolar cells hyperpolarize in 
that situation. If Müller cells are un- 
able to take up extracellular light- 
released K' in the normal manner, the 
electroretinographie b-wave would be 
absent or reduced in a light-adapted 
eye, as is the case in Oguchi' disease," 
in X-linked retinoschisis, and in our 
patients. 

The assumption of a normal situation 
in the retinal pigment epithelium and 
photoreceptor layer is supported by a 
normal electro-oculographie value and 
the normal rhodopsin density. Ques- 
tions remain about why the macular 
region in particular is affected by 
X-linked retinoschisis and why the Mi- 
zuo phenomenon is clearest temporally 
to the fovea. Cones are most common 
in the macular region, and light-in- 
duced K' leakage occurs faster in 
cones than in rods." Illumination of the 
cones should result in a rapid rise in 
the extracellular K' concentration in 
the fovea that would be prolonged due 
to defective Müller cells. This might 
also account for the lower visual acuity 
in these patients. The maximum visi- 
bility of the Mizuo phenomenon tempo- 
ral to the fovea, despite the slower K* 
exchange in rods, could be explained 
by the fact that rods outnumber cones 
by a factor of 20 in that region. 

The normal red reflex along some 
vessels in the area with the golden 
reflex may be explained by the phe- 
nomenon seen in miniature pigs; the 
paravascular K^ concentration is low 
during light stimulation but rises far- 
ther away from the vessels." These 
results also support our hypothesis. 

One could wonder why the b-wave 
and Mizuo phenomenon do not follow 
strictly parallel courses. Since we as- 
sume, however, that the primary de- 
fect that leads to the Mizuo phenome- 
non is located in Müller cells, it is not 
surprising that electroretinography is 
affected permanently, while the Mizuo 
phenomenon appears and disappears 
depending on the state of K* metabo- 
lism, which in turn depends on 
illumination. 

The nuclei of Müller cells lie in the 
inner portion of the inner nuclear lay- 
er Unfortunately no details have 
been presented on either Müller cells 
or the inner nuclear layer in available 
reports on the histologic characteris- 
ties of Oguchi’s disease."" It would be 
interesting to focus attention on this 
layer in the future. 

Even though our hypothesis of the 
origin of the Mizuo phenomenon seems 
to embrace most known data, there 
remain differences between X-linked 
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retinoschisis and Oguchi's disease. Our 
patients had a lower visual acuity than 
did patients with Oguchi’s disease, 
which might be explained by the foveal 
abnormalities in X-linked retinoschisis. 
Moreover, after 35 minutes, the dark 
adaptation thresholds in our patients 
were elevated by only 0.5 to 1.5 log 
units, thus resembling those in X- 
linked recessive cone dystrophy.’ In 
patients with Oguchi’s disease these 
thresholds were elevated 4 leg units 
after 30 minutes, and reached normal 
values only after 3 hours or more." 

This difference could be explained 
by assuming that the defect in the K* 
metabolism affects all Müller cells 
equally in Oguchi's disease while the 
defects in X-linked retinoschisis are 
less evenly distributed. This leaves 
many relatively intact areas in be- 
tween that can mediate low psycho- 
physical thresholds. Thus, the dark 
adaptation test with total retinal illu- 
mination determines the threshold of 
the best retinal part, while electroreti- 
nography with total illumination gives 
a summation of all elements generating 
the b-wave, and thus gives the thresh- 
old for the worst retinal part. 

Future research will need to show 
whether altered K' flux may also be 
responsible for the tapetal reflexes, 
not only in Oguchis disease and 
X-linked retinoschisis, but also in vari- 
ous tapetoretinal disorders.” 
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Argon Laser Photocoagulation for Neovascular Maculopathy 


Five-Year Results From Randomized Clinieal Trials 


Macular Photocoagulation Study Group 


e With completion of follow-up of all 
patients enrolled in three randomized 
clinical trials of argon laser photocoagu- 
lation of extrafoveal choroidal neovascu- 
lar membranes secondary to senile (age- 
related) macular degeneration, ocular 
histoplasmosis, or idiopathic causes, the 
Macular Photocoagulation Study Group 
has demonstrated that laser treatment of 
such lesions is beneficial in preventing 
or delaying large losses of visual acuity 
for at least 5 years. In eyes with senile 
(age-related) macular degeneration as 
the underlying cause, the relative risk of 
losing six or more lines of visual acuity 
from the baseline level among untreated 
eyes (n— 117) compared with laser-treat- 
ed eyes (n— 119) was 1.5 from 6 months 
through 5 years after entry (P —.001). In 
addition, after 5 years, untreated eyes 
had lost a mean of 7.1 lines of visual 
acuity, while laser-treated eyes had lost 
5.2 lines. Recurrent neovascularization 
had been observed in 54% of laser- 
treated eyes by the end of the 5-year 
follow-up period. Among eyes with ocu- 
lar histoplasmosis, untreated eyes 
(n= 130) had 3.6 times the risk of laser- 
treated eyes (n=132) of losing six or 
more lines of visual acuity (P<.0001). 


he Macular Photocoagulation Study 
(MPS) Group reported in 1982' and 
1983" on the short-term effectiveness 
(ie, up to 18 months, 24 months, and 12 
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Also, untreated eyes had lost a mean of 
4.4 lines of visual acuity after 5 years, 
compared with only 0.9 lines lost by 
laser-treated eyes. Among laser-treated 
eyes, recurrent neovascularization had 
been observed in 26% by 5 years after 
enrollment. When the extrafoveal lesion 
was due to idiopathic causes, the relative 
risk of losing six or more lines of visual 
acuity from the baseline level among 
untreated eyes (n=34) compared with 
laser-treated eyes (n=33) was 2.3 
(P=.04). The mean number of lines of 
visual acuity lost from baseline to the 5- 
year examination was 4.4 among un- 
treated eyes and 2.7 among laser-treated 
eyes. Recurrent neovascularization was 
observed in 34% of laser-treated eyes 
during 5 years of follow-up. Thus, obser- 
vations throughout 5 years of follow-up 
underscore the earlier recommendations 
from the Macular Photocoagulation 
Study Group that eyes with well-defined 
extrafoveal choroidal neovascular mem- 
branes secondary to senile macular de- 
generation, ocular histoplasmosis, and 
idiopathic causes be treated with argon 
laser photocoagulation. 

(Arch Ophthalmol. 
1114) 


1991;109:1109- 


months, respectively) of argon laser 
photocoagulation for treating extrafo- 
veal neovascular membranes (NV Ms) 
that occur secondarily to senile (age- 
related) macular degeneration, ocular 
histoplasmosis, or idiopathic causes. 
The three randomized clinical trials in 
which laser photocoagulation was eval- 
uated were designated the Senile Mac- 
ular Degeneration Study (SMDS), Oc- 
ular Histoplasmosis Study (OHS), and 
Idiopathic Neovascularization Study 
(INVS). In each of these three ran- 
domized trials, laser treatment was 
demonstrated to be significantly better 
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than no treatment in preventing or 
delaying severe loss of visual acuity. 
The initial reports were updated in 
1986 after almost all patients in the 
three trials had been followed up for 
3 years.’ Also in 1986, the incidence of 
recurrent neovascularization after la- 
ser treatment of extrafoveal NVMs 
and the impact of recurrence on visual 
acuity outcome in treated eyes were 
reported.’ In 1988, the last patient 
enrolled in these clinical trials com- 
pleted 5 years of examinations, thus 
concluding follow-up of this group of 
patients. The purpose of this article is 
to summarize the long-term (5-year) 
findings regarding changes in vision 
and late recurrences of neovasculariza- 
tion after laser treatment among the 
565 patients who participated in these 
randomized clinical trials of the argon 
blue-green laser. 


PATIENTS AND METHODS 


The design of the MPS and the methods 
employed have been described in earlier 


articles? as well as in the MPS Manual of 


Procedures. As reported earlier," at the 
time patient enrollment and randomization 
were halted in each of the three clinical 
trials of argon laser photocoagulation con- 
sidered in this article, the MPS Data and 
Safety Monitoring Committee recom- 
mended that laser treatment be offered to 
any patient who met the eligibility criteria 
in either eye. These recommendations were 
made 3 years after enrollment of the first 
patient in the SMDS and 4 years after 
enrollment of the first patient in both the 
OHS and INVS. The decision regarding 
whether and when to treat an eye originally 
assigned to receive no treatment was made 
by the ophthalmologist and patient. The 
data for each patient have been analyzed 
with the group (laser treatment or no treat- 
ment) to which assignment was made ran- 
domly at the time of enrollment (even eyes 
originally assigned to no treatment that 
later were treated) to ensure unbiased com- 
parisons of the two groups of patients. 
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Differences in visual acuity between the 
eyes originally assigned to laser treatment 
and those assigned to no treatment were 
analyzed using change in visual acuity from 
baseline as the primary outcome variable. 
Distributions of visual acuity scores at en- 
try have been reported previously for all 
three trials." On the Bailey-Lovie visual 
acuity charts’ used in the MPS, a loss of 
three lines represents doubling of the visual 
angle (minimum angle of resolution) and a 
loss of six lines represents quadrupling of 
the visual angle, eg, a change from 20/20 to 
20/80 (Snellen equivalent). 

The longitudinal data analysis methods of 
Zeger and Liang” were used to analyze differ- 
ences over time between eyes assigned to 
laser treatment and those assigned to no 
treatment, including estimation of propor- 
tions with severe loss of visual acuity (loss of 
six or more lines from baseline) at each 
follow-up examination, the overall relative 
risk of severe loss in eyes assigned to no 
treatment in comparison with those assigned 
to laser treatment, and P values. Distribu- 
tions of visual acuity scores and of changes in 
scores have been compared using the Wil- 
coxon rank-sum procedure.” Differences in 
group means have been evaluated using Stu- 
dent's t test.” 

Recurrent neovascularization contiguous 
with laser treatment scars (recurrence) was 
defined as visible leakage of fluorescein dye 
along the border of a laser treatment scar 
during fluorescein angiography 3 months or 
more after treatment.’ New independent 
areas of neovascularization not contiguous 
with treatment scars have been considered 
separately from contiguous recurrence in 
this report. Time from enrollment to first 
recurrence of choroidal neovascularization 
after laser treatment has been analyzed 
using the product-limit method developed 
by Kaplan and Meier.” 

Findings presented in this article are 
based on all information received at the 
MPS Coordinating Center and the MPS 
Fundus Photograph Reading Center, both 
located in Baltimore, Md, by February 28, 
1989. 


RESULTS 
Patient Follow-up 


The number and percentage of eyes 
examined at each scheduled follow-up 
clinic visit are given in Table 1 for each 
of the three randomized trials and, 
within each trial, for each of the 
groups created by  randomization. 
Twenty-eight (1296) of the 236 patients 
in the SMDS (12 assigned to laser 
treatment and 16 assigned to no treat- 
ment) died before completing 5 years 
of follow-up. Projecting from age- and 
sex-specific mortality rates for the 
United States during the period of the 
study, 42 deaths would have been ex- 
pected. Selection of relatively healthy 
patients who would be available for 
follow-up for 3 to 5 years in this ran- 
domized trial probably accounted for 
the lower than expected number of 
deaths. 
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Table 1 .—Number of Eyes Examined at Specified Time After Randomization * : : 


Time SMDS 
After 

Randomization, Laser No 
mo Treatment Treatment 


OHS INVS 


—M .DCUC OO ee On ——MÓ——— 
Laser No 
Treatment Treatment 


Laser No 
Treatment Treatment 





* SMDS indicates Senile Macular Degeneration Study; OHS, Ocular Histoplasmosis Study; and INVS, Idio- 


pathic Neovascularization Study. 


tincludes a few examinations completed as late as 75 months after randomization for patients not examined 


in the 57- to 63-month time interval. 


Of the 1261 follow-up examinations 
scheduled for eyes assigned to laser 
treatment, 96 (8%) were missed; of 
these, seven 5-year examinations were 
missed. Of the 1206 follow-up examina- 
tions scheduled for eyes assigned to no 
treatment, 106 (9%) were missed; of 
these, nine 5-year examinations were 
missed. One patient assigned to no 
treatment was examined 5 years after 
enrollment but the visual acuity of the 
study eye was not reported. 

Fifteen (6%) of the 262 patients en- 
rolled in the OHS (10 assigned to laser 
treatment and five assigned to no 
treatment) died before completing the 
5-year examination. Of 1422 follow-up 
examinations scheduled for eyes as- 
signed to laser treatment, 68 (5%) 
were missed; six 5-year examinations 
were missed. Of 1400 follow-up exami- 
nations scheduled for eyes assigned to 
no treatment, 101 (7%) were missed; 
nine 5-year examinations were missed. 

Five (7%) of the 67 patients enrolled 
in the INVS (two assigned to laser 
treatment and three assigned to no 
treatment) died during follow-up. A 
total of 356 follow-up examinations 
were scheduled for eyes assigned to 
laser treatment and 354 for eyes as- 
signed to no treatment, of which 17 
(5%) and 43 (12%), respectively, were 
missed. The 5-year examination was 
not completed for one patient assigned 
to treatment and four patients as- 
signed to no treatment. 


Treatment of Eyes Assigned to 
No Treatment 


In each of the three clinical trials, 
some of the eyes originally assigned to 
no treatment were later treated during 
follow-up in accord with the recom- 


mendations by the MPS Data and Safe- 
ty Monitoring Committee. During the 
5-year follow-up period, 22 (19%) of 
117 eyes originally assigned to no 
treatment in the SMDS had been 
treated, 16 of them within 2 years 
after enrollment. In the OHS, 22 (17%) 
of 130 eyes had been treated by the 
time of the 5-year examination, of 
which 14 were treated within 2 years 
of entry into the study. Of 34 eyes 
assigned to no treatment in the INVS, 
four (12%) had been treated during 
5 years of follow-up, of which one had 
been treated by the time of the 2-year 
examination. Inclusion of these eyes in 
the no-treatment group for analysis 
purposes had little effect on compari- 
sons of groups created by random 
assignment. 


Visual Acuity Outcome 


To be eligible for the randomized 
trials of argon laser, eyes with extrafo- 
veal membranes were required to have 
visual acuity of 20/100 or better at 
entry. The distributions of study eyes 
by baseline visual acuity were similar 
for eyes assigned to laser treatment 
and those assigned to no treatment in 
each trial. The distributions at the 
5-year visit are given in Table 2. In 
each of the trials, the visual acuity of 
the eyes assigned to laser treatment 
was better than that of the eyes as- 
signed to no treatment when measured 
5 years after entry. In the SMDS, the 
mean visual acuity after 5 years, of 
eyes assigned to laser treatment, was 
20/125 in comparison with 20/200 in 
eyes assigned to no treatment 
(P=.002). Similarly, in the OHS, the 
mean visual acuity of eyes assigned to 
laser treatment was 20/40 vs 20/80 in 
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Laser 
Treatment 
Visual Acuity Group, 
(Snellen Fraction) No. (%) 





13 (13) 
15 (15) 
14 (14) 
16 (16) 
19 (19) 
10 (10) 
11 (11) 
98 (100) 


20/20 or better 
20/25 to 20/40 
20/50 to 20/80 
20/ 100 to 20/ 160 
20/200 to 20/320 
20/400 to 20/640 
20/800 or worse 
Total 











Wilcoxon rank-sum, P 
Mean visual acuity 





20/125 








OHS INVS 
——————————————— ———————————————————— 
No Laser No Laser No 
Treatment Treatment Treatment Treatment Treatment 

Group, Group, Group, Group, Group, 
No. (96) No. (%) No. (96) No. (%) No. (96) 

7 (8) 45 (39) 34 (29) 11 (37) 4 (15) 

8 (9) 34 (29) 16 (14) 6 (20) 7 (26) 

9 (10) 18 (16) 14 (12) 4 (13) 3 (11) 
13 (14) 9 (8) 10 (9) 2 (7) 4 (15) 
19 (20) 9 (8) 28 (24) 3 (10) 6 (22) 
24 (26) 1 $0 10 (9) 4 (13) 1 (4) 

13 (14) 4 (3) 0 2 (7) 
93 (100) 116 (100) 116 (100) 30 (100) 27 (100) 


<.001 


20/200 20/40 


Table 2.—Number and Percentage of Eyes With Specified Visual Acuity 5 Years After Entry * 


SMDS 
——————————————— 


20/80 















































.16 







20/64 20/80 


* SMDS indicates Senile Macular Degeneration Study; OHS, Ocular Histoplasmosis Study; and INVS, Idiopathic Neovascularization Study. Percentages do not add 


up to 100 due to rounding off. 


Table 3. —Number and Percentage of Eyes With Specified Change in Visual Acuity From Study Entry to the 5-Year Examination* 


Goer. AaaaaaaaaaaaaaaaaaaaaaaasasaaasaassħŮ 


Laser 
Treatment, 
No. (%) 

4 (4) 


Change in 
Visual Acuity 





No Laser 
Treatment, Treatment, 
No. (%) No. (%) 


2 (2) 22 (19) 


c--— re —S ee, 

No 

Treatment, 
No. (%) 


10 (9) 


=> 2 line increase 
No change 31 (32) 16 (17) 64 (55) 37 (32) 12 (40) 7 (26) 





em ll een, 
Laser No 
Treatment, Treatment, 
No. (%) No. (%) 


5 (17) 3 (11) 


2-5 line decrease 16 (16) 17 (18) 19 (16) 18 (16) 5 (17) 5 (19) 


25 (27) 


25 (22) 


6-9 line decrease 20 (20) 7 (6) 3 (10) 6 (22) 
> 10 line decrease 27 (28) 33 (35) 4 (3) 26 (22) 5 (17) 6 (22) 


Total 98 (100) 


93 (100) 116 (100) 


.01 «. 
2 7.1 0.9 


116 (100) 


27 (100) 
Wilcoxon rank sum, P 001 


30 (100) 


.28 
4.4 "E 4.4 


Mean No. 
of lines lost 5. i ù : : ; 


* SMDS indicates Senile Macular Degeneration Study; OHS, Ocular Histoplasmosis Study; and INVS, Idiopathic Neovascularization Study. Percentages do not add 


up to 100 due to rounding off. 


eyes assigned to no treatment 
(P<.001). The corresponding mean vi- 
sual acuities in the INVS were 20/64 
and 20/80 (P — .16), respectively. 

The distributions of study eyes by 
change in visual acuity from baseline to 
the 5-year examination are given in 
Table 3. In all three trials, the trends 
observed at earlier points in follow-up 
persisted through the 5-year examina- 
tion. The mean change in visual acuity 
from baseline to the 5-year examina- 
tion in the SMDS was a loss of five 
lines for eyes assigned to laser treat- 
ment and a loss of seven lines for eyes 
assigned to no treatment (P=.01). In 
the OHS, eyes assigned to laser treat- 
ment averaged a loss of one line on the 
visual acuity chart from baseline to the 
5-year examination, in contrast to a 
mean loss of four lines among eyes 
assigned to no treatment (P<.001). In 
the INVS, eyes assigned to laser treat- 
ment and those assigned to no treat- 
ment had lost, on average, three and 
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four lines of visual acuity, respective- 
ly, after 5 years (P = .22). 

Figures 1 through 3 display, at each 
follow-up examination, the proportions 
of eyes with visual acuity six or more 
lines worse than at baseline. In the 
SMDS (Fig 1), from 6 months through 
5 years, a smaller proportion of eyes 
assigned to laser treatment than eyes 
assigned to no treatment had such 
severe loss of visual acuity. By 36 
months after entry, the proportion of 
eyes with severe loss of visual acuity 
had stabilized in both groups (Fig 1). 
From the 6-month through the 5-year 
examination, the relative risk of losing 
six or more lines of visual acuity from 
baseline levels among eyes assigned to 
no treatment compared with those as- 
signed to laser treatment was 1.5 
(P=.001). Three factors were ob- 
served at the time of enrollment and 
later identified with multivariate anal- 
ysis, using the method developed by 
Zeger and Liang,” as influencing this 


outcome: age, number of cigarettes 
smoked per day, and visual acuity of 
the fellow eye. Adjusting for these 
factors increased the relative risk of 
severe loss of visual acuity among eyes 
assigned to no treatment in compari- 
son with those assigned to laser treat- 
ment to 1.7 (P<.001). 

In the OHS, about 10% of eyes as- 
signed to laser treatment had visual 
acuity six or more lines worse through- 
out 5 years of follow-up than at base- 
line, in contrast to eyes assigned to no 
treatment in which the proportion of 
eyes with such large losses had 
climbed to 41% by 3 years after entry 
before stabilizing (Fig 2). For the fol- 
low-up period from 6 months through 5 
years, the relative risk of a loss of six 
or more lines of visual acuity among 
eyes assigned to no treatment vs those 
assigned to laser treatment was 3.6 
(P<.0001). In this group of eyes, only 
the size of the neovascular membrane 
at the time of enrollment was found to 
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Fig 1.—Proportion of eyes at each follow-up examination with de- 
crease in visual acuity of six or more lines from baseline in the Senile 
Macular Degeneration Study. Dashed line indicates eyes assigned 
randomly at entry to no treatment, and solid line, eyes assigned at 
entry to laser treatment. 
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Fig 3.— Proportion of eyes at each follow-up examination with de- 
crease in visual acuity of six or more lines from baseline in the 
Idiopathic Neovascularization Study. Dashed line indicates eyes as- 
signed randomly at entry to no treatment, and solid line, eyes assigned 
at entry to laser treatment. 
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Fig 2.— Proportion of eyes at each follow-up examination with de- 
crease in visual acuity of six or more lines from baseline in the Ocular 
Histoplasmosis Study. Dashed line indicates eyes assigned randomly 
at entry to no treatment, and solid line, eyes assigned at entry to laser 
treatment. 
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Fig 4.— Cumulative proportion of laser-treated eyes ever having recur- 
rent choroidal neovascularization documented after initial laser treat- 
ment. Dashed line indicates eyes assigned to laser treatment in the 
Senile Macular Degeneration Study; solid line, eyes assigned to laser 
treatment in the Ocular Histoplasmosis Study; and dotted line, eyes in 
the Idiopathic Neovascularization Study. 


influence the treatment effect. Adjust- 
ment for this factor increased the rela- 
tive risk of severe loss of visual acuity 
among eyes assigned to no treatment 
to 4.5 (P<.0001). 

As shown in Fig 3, at each examina- 
tion the proportion of eyes assigned to 
laser treatment in the INVS that sus- 
tained large losses of visual acuity was 
smaller than the proportion of eyes 
assigned to laser treatment in the 
SMDS but larger than in the OHS. 
However, the proportion of eyes as- 
signed to no treatment that had large 
losses of visual acuity was smaller than 
in the SMDS and about the same as in 
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the OHS. Overall, the relative risk of 
having visual acuity six or more lines 
worse than at baseline among eyes 
assigned to no treatment was 2.3 
(P=.04). The number of eyes enrolled 
in the INVS was too small to permit 
multivariate analysis. 


Recurrent Choroidal Neovascularization 
Following Laser Treatment 


As reported earlier,’ recurrent cho- 
roidal neovascularization had a major 
impact on visual acuity outcome in 
laser-treated eyes throughout the first 
3 years of follow-up. Although most 
recurrent neovascularization contigu- 


ous with laser treatment scars was 
first observed during the 12-month pe- 
riod immediately following initial 
treatment, recurrences continued to 
be observed throughout 5 years of 
follow-up in SMDS eyes (Fig 4). Dur- 
ing the 5-year follow-up period for each 
eye, 54% of these eyes had recurrent 
neovascularization documented at one 
or more follow-up examinations. The 
cumulative rates of recurrent neovas- 
cularization from the 1-year examina- 
tion through the 5-year examination 
among eyes assigned to laser treat- 
ment in the OHS were about half the 
rates in SMDS eyes, with rates in the 
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Time 
Since No. 


No. (%) of No. 


No. (%) of No. No. (%) of | 





Treatment, Recurrence of Eyes With of Eyes With of Eyes With 3 
Observed Eyes 6-Line Loss Eyes 6-Line Loss Eyes 6-Line Loss v 
1 No 62 20/40 4 (6) 93 20/40 5 (5) 25 20/32 1 (4) i 
Yes 49 20/125 20 (41) 27 20/64 10 (37) 7 20/80 3 (43) d 
2 No 49 20/40 4 (8) 89 20/40 5 (6) 22 20/32 0 1 
Yes 54 20/160 31 (57) 26 20/80 10 (38) 9 20/125 5 (56) 4 
3 No 48 20/50 5 (10) 87 20/32 3 (3) 22 20/25 0 | 
Yes 46 20/250 37 (80) 28 20/80 10 (36) 9 20/ 100 5 (56) 
4 No 43 20/50 5 (12) 80 20/32 2 (3) 19 20/25 0 
Yes 47 20/250 37 (79) 27 20/80 10 (37) 11 20/125 6 (55) 
5t No 42 20/50 7 (17) 82 20/32 2 (2) 19 20/32 0 
Yes 50 20/250 39 (78) 25 20/80 9 (36) 11 20/160 8 (73) 


* SMDS indicates Senile Macular Degeneration Study; OHS, Ocular Histoplasmosis Study; INVS, Idiopathic Neovascularization Study; and VA, visual acuity. 











| tincludes a few examinations completed as late as 75 months after initial treatment for patients not examined in the 57- to 63-month time interval. ; 
4 
l 
4 
INVS slightly higher than those inthe ous with the original lesion. There and 3). Thus, the search for more | 
OHS. The impact of recurrent neovas- were no cases of new areas of neovas- effective methods of treating neovas- d 
cularization on visual acuity among cularization not contiguous with the cular membranes in eyes with these 
eyes assigned to laser treatment is treatment scar observed during follow- conditions must continue. 
summarized in Table 4. At each exami- up of INVS eyes. Visual acuity after 5 years was quite 
nation throughout the 5-year follow-up COMMENT variable within each group of eyes 
period, laser-treated eyes that had (Table 2). Although the majority of 
had recurrent neovascularization docu- The early and intermediate benefi. SMDS eyes lost visual acuity, 36% of 
mented previously had worse visual cial effects of argon laser treatment on the eyes assigned to laser treatment | 
acuity, on average, than those without the vision of patients with well-defined and 19% of the eyes assigned to no | 
recurrence. After 5 years in both the ^ extrafoveal neovascular membranes treatment lost little or no visual acuity; 
SMDS and INVS, the average mini- ^ secondary to senile (age-related) macu- in a few cases, visual acuity improved 
, mum angle of resolution of eyes that lar degeneration, ocular histoplasmo- (Table 3). Among OHS eyes (Table 3), 
. had had recurrent neovascularization sis, and idiopathic causes reported pre- ^ nearly three quarters of laser-treated 
was five times as large as for those viously by the MPS Group" persisted ^ eyes either lost little or no visual acu- 
that did not, ie, 20/50 vs 20/250 and ^ throughout 5 years of follow-up. Alto- ity (55%) or gained visual acuity (19%) ] 
20/32 vs 20/160, respectively (Table 4). gether, 19% of the eyes with macular from the baseline level, compared with 1 
In the OHS, eyes with recurrence had, degeneration, 17% of the eyes with 32% and 9%, respectively, of eyes as- 1 
on average, more than twice the mini- ^ ocular histoplasmosis, and 12% of the signed to the no-treatment group. 
mum angle of resolution of those with- ^ eyes with idiopathic neovascularization Recurrent neovascularization after 
out recurrence (20/80 vs 20/32). that originally were assigned randomly laser treatment was observed fre- à 
Among SMDS eyes assigned to laser to no treatment were treated after quently: in 54% of SMDS eyes, 26% of 1 
treatment, a new area of neovasculari- ^ enrollment as a result of the early OHS eyes, and 34% of INVS eyes (Fig 
zation not contiguous with the treat- ^ findings documenting treatment bene- 4). Consistent with an earlier report 
ment scar developed in seven eyes fit, thereby reducing the probability of from the MPS Group,’ eyes that had | 
without contiguous recurrent neovas- subsequent large losses of visual acuity recurrence had a poorer visual acuity ; 
cularization and in another two eyes in such eyes. Nevertheless, eyes origi- | outcome than those without recur- : 
«€ that also had recurrent neovasculariza- nally assigned to no treatment lost rence throughout 5 years of follow-up. l 
tion contiguous with the treatment more visual acuity from the baseline In addition to risk factors for recur- j 
scar. Among eyes assigned to no treat- levels and demonstrated worse visual rence described in the earlier report,” 
ment, four were observed during fol- acuity during follow-up than eyes as- Bressler et al" recently reported for | 
low-up to have newly developed areas signed to laser treatment at the time of the MPS Group that large or confluent 
of neovascularization not contiguous enrollment. drusen in the fellow eye also were risk i 
with the original extrafoveal NVM. Laser treatment was particularly ef- factors for recurrence after laser treat- E 
Among eyes followed up inthe OHS, fective for extrafoveal neovascular ment of the eye presenting with well- | 
the findings were similar. Ten of the membranes secondary to ocular histo- ^ defined extrafoveal neovascularization } 
eyes assigned to laser treatment were ^ plasmosis (Tables 2 and 3 and Fig 2). secondary to SMD. Folk et al" have f 
observed to have new areas of neovas- The risk of large losses of visual acuity reported for the MPS Group that disci- | 
cularization not contiguous with the in eyes assigned to treatment with the form scarring in the first eye at the | 
treatment scar; nine of them were eyes argon laser was only one fourth the time of laser treatment in the second 
without contiguous recurrence and one risk in eyes assigned to no treatment. eye also increased the risk of recurrent : 
was an eye that also had recurrent Although eyes assigned to laser treat- ^ neovascularization. | 
neovascularization along the margin of ment in the SMDS and INVS had Among eyes with extrafoveal neo- 
á the treatment scar. Among eyes as- reduced rates of large losses of visual vascular membranes secondary to age- 


signed to no treatment, five were ob- 
served during follow-up to have a new 
area of neovascularization not contigu- 
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acuity, nevertheless 46% of SMDS 
eyes and 23% of INVS eyes had sus- 
tained large losses after 5 years (Figs 1 
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related macular degeneration, nearly 
80% of all eyes that experienced recur- 
rence were observed to do so within 


1113 








E 
E 


p "OPER U * 


E 


r 
E 
k 
k 

4 
E 
a 

n 
3 





ai a T RT a aai ainai CONI 


1 year after initial treatment. The 
large increase in the proportion of la- 
ser-treated eyes with recurrence be- 
tween the 6-month and 12-month ex- 
aminations suggests that more 
frequent examination by the ophthal- 
mologist during this period may be 
required. The higher risk of recur- 
rence in these eyes may reflect the 
degenerative nature of the underlying 
condition. Almost all eyes that experi- 


1. Macular Photocoagulation Study Group. Ar- 
gon laser photocoagulation for senile macular de- 
generation: results of a randomized clinical trial. 
Arch Ophthalmol. 1982;100:912-918. 
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enced recurrence during the 5-year 
follow-up period had done so by 
2 years after treatment of SMDS and 
INVS eyes and by 1 year after treat- 
ment of OHS eyes. Thus, frequent 
follow-up during the year or two after 
initial treatment and less frequent fol- 
low-up thereafter may be appropriate, 
depending on the status of the fellow 
eye. 
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Transposed Figures.—In the article entitled “A Comparative Study of Masking Fluids 
for Excimer Laser Phototherapeutic Keratectomy,” published in the June 1991 issue of the 
ARCHIVES (1991;109:860-863), the printer transposed Figs 7 through 9, although the legends 
were correct as published. The figure above the legend fer Fig 7 was Fig 9; the figure above 
the legend for Fig 8 was Fig 7; and the figure above the legend for Fig 9 was Fig 8. The figures 
are reprinted correctly below. 





Fig 7.— The ideal fluid will have adequate 
absorption and moderate viscosity to result in 
ablation of the peaks while masking the 
valleys. 
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Fig 8.—Ablation of an irregular surface with a 
very viscous fluid will be irregular due to the 
variable coating of different thicknesses of the 
fluid. 





Fig 9.— Ablation of an irregular surface with a 
fluid of inadequate viscosity will fail to ade- 
quately protect the valleys in which run-off 
can occur, and irregularities will persist as 
ablation progresses. 
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Retinal Thickness Analysis for Quantitative Assessment of 
Diabetic Macular Edema 


Mahnaz Shahidi, PhD; Yuichiro Ogura, MD; Norman P. Blair, MD; Mark M. Rusin, MS; Ran Zeimer, PhD 


è Diabetic macular edema is a major 
cause of vision loss and is evaluated 
with qualitative or semiquantitative tech- 
niques. A new quantitative method for 
assessment of macular edema using reti- 
nal thickness analysis was applied to 19 
patients with diabetic macular edema. 
Foveal thickening was frequently cou- 
pled with poor visual acuity. Slit-lamp 
biomicroscopy and stereophotography 
detected 80% and 78% of local areas of 
thickening, respectively, but failed to de- 
tect locations with average thicknesses 
of 1.5 and 1.6 times normal, respectively. 
Fluorescein leakage on angiography was 
generally associated with retinal thicken- 
ing, but locations with similar degrees of 
leakage had widely varying retinal thick- 
ening. Fluorescein leakage in the posteri- 
or vitreous correlated poorly with the 
degree of foveal thickening. These re- 
sults indicate that quantitative measure- 
ment of retinal thickness may become 
useful in the management of diabetic 
patients with macular edema. 

(Arch Ophthalmol. 1991;109:1115- 
1119) 


iabetic macular edema is consid- 

ered the most frequent cause of 
visual loss in diabetic retinopathy’” and 
is a major contributor to 5000 new 
cases of diabetes-related blindness an- 
nually in the United States." Macular 
edema may also develop after the 
treatment of proliferative diabetic reti- 
nopathy with panretinal laser photoco- 
agulation." Because macular edema is 
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characterized by an abnormal accumu- 
lation of fluid in the retinal tissue, it is 
accompanied by an increase in retinal 
thickness. The Early Treatment Dia- 
betic Retinopathy Study based the di- 
agnosis of retinal thickening on results 
of slit-lamp biomicroscopy and/or fun- 
dus stereophotography’ and demon- 
strated the successful treatment of dia- 
betie macular edema using laser 
photocoagulation. Because the accu- 
mulation of fluid in the retina may be 
due to the breakdown of the blood- 
retinal barrier, fluorescein angiogra- 
phy is routinely used to detect the 
presence and degree of vascular leak- 
age." However, there is evidence that 
leakage is not a reliable indicator of the 
degree of fluid accumulation and 
thickening." 

We have developed a new method 
that ean provide a quantitative thick- 
ness profile of the retina and a perma- 
nent record of the measurement. In 
this study, we used the retinal thick- 
ness analyzer (RTA) to measure reti- 
nal thiekness in patients with diabetic 
macular edema.  Retinal thickness 
measurements obtained using our 
method were compared with thickness 
grades obtained using clinical methods 
of slit-lamp biomicroscopy and color 
fundus stereophotography. Additional- 
ly, the relationship between retinal 
thickness measurements and visual 
acuity, posterior vitreous fluorescein 
leakage, and leakage on fluorescein 
angiography was investigated. 


SUBJECTS, MATERIALS, 
AND METHODS 


Subjects 


We recruited 19 patients with type I or II 
diabetes who were diagnosed as having 
clinically significant diabetic macular edema 
as defined by the Early Treatment Diabetic 


Retinopathy Study criteria’ and who were 
considered for focal laser treatment of one 
or both eyes. The patients had visual acu- 
ities of 20/200 or better, clear media, no 
neovascularization, and no history of panre- 
tinal photocoagulation treatment. The pa- 
tients were aged 47 to 72 years. To ensure 
an adequately large study group, we also 
included patients who had already under- 
gone focal laser treatment. However, only 
thickness measurements performed at pre- 
viously untreated locations were included in 
the study. The study was explained to each 
patient, and a signed consent form ob- 
tained. Before retinal thickness measure- 
ments, eyes were dilated to a minimum of 6 
mm with drops of 2.5% phenylephrine hy- 
drochloride and 1% tropicamide, and the 
cornea was anesthetized using one drop of 
proparacaine hydrochloride. 


Retinal Thickness Analysis 


The RTA has been described previous- 
ly." Its operating principle is similar to 
that of slit-lamp biomicroscopy, but with 
several advantages. Using an expanded co- 
herent light that is monochromatic (543 
nm), the RTA increases depth resolution 
and replaces the visual impression with a 
quantitative measurement that is perma- 
nently recorded. This green laser (Melles 
Griot, Irvine, Calif) was mounted on a slit- 
lamp biomicroscope (f-160, Carl Zeiss, 
Thornwood, NY). After activation of a foot 
pedal, the laser power was increased to 400 
uW, and the intensity of the slit-lamp illu- 
mination was increased during a 125-ms 
exposure. The patient was provided with a 
target for fixation by the addition, in the 
illumination path, of a transparent photo- 
graphic film with a black target consisting 
of a pattern of numbers. An image of the 
fundus magnified three times was recorded 
on film, as was the intersection of the laser 
and the retina. A flat saline-filled contact 
lens was placed on the eye to overcome the 
refractive power of the cornea. Differences 
in the refractive power of the lens affect the 
measurements minimally; ray tracing caleu- 
lations indicate that a change of 40% in the 
lens thickness introduces only a 596 change 
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Fig 1.—Foveal thickness profile obtained 
from a normal subject. 


in the RTA reading. 

The separation between the intersections 
of the laser with the vitreoretinal interface 
and the sensory retina-retinal pigment epi- 
thelium interface is proportional to the reti- 
nal thickness. By analysis of the image of 
these intersections, quantitative retinal 
thickness profiles were obtained. A micro- 
scope was used to magnify and project the 
image on a charge-coupled device video 
camera (Sony, Tokyo, Japan). The video 
signal was digitized using a frame grabber 
(EPIX, Northbrook, Ill) and stored in a 
computer. A density scan was obtained by 
averaging 10 successive pixels, correspond- 
ing to a distance of 60 jum on the retina. 
Each densitometric scan was composed of 
two peaks corresponding to the anterior 
and posterior retinal surface reflections. 

A software algorithm was developed to 
analyze the images. The densitometric 
scans were first smoothed using low-pass 
filtering. The two peaks were resolved by 
fitting a lorentzian curve to the dominant 
peak, subtracting it from the data, and 
fitting a second lorentzian curve to the 
remaining curve. The separation between 
the peaks of the lorentzian curves was 
found and converted to retinal thickness 
units using an empirically derived calibra- 
tion factor. For each image, 36 scans were 
analyzed and a thickness profile along a 2- 
mm length of the retina was obtained. 
Examples of profiles obtained in a subject 
with a normal fovea and one with macular 
edema are shown in Figs 1 and 2. The 
locations of RTA measurements were re- 
corded on an enlarged red-free fundus 
photograph. The thickness value obtained 
at each location was divided by the corre- 
sponding average thickness value in normal 
subjects to yield a thickness index. Conse- 
quently, a retinal thickness index was as- 
signed to each measurement location. The 
foveal thickness index was obtained by av- 
eraging the measurements on several slits 
located within 1 disc-diameter of the fovea. 
The variability in the measurements thus 
acquired in normal subjects was 896." The 
thickness was considered to be abnormal 
when the value was not within 2 SDs (30%) 
of the average normal value, which corre- 
sponds to a retinal thickness index of 
1.0+0.3. The consistency in the thickness 
index values obtained at the same location 
on the same day was assessed using a 
discrete multivariate analysis,” and the es- 
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Fig 2.—Foveal thickness profile obtained 
from a patient with macular edema. 


timated measure of agreement was .86 (1 
represents perfect agreement). 


Visual Acuity 


Refraction was performed according to 
the Early Treatment Diabetic Retinopathy 
Study protocol by an observer masked to 
the RTA data. The best corrected visual 
acuity was recorded for each eye. 


Slit-Lamp Biomicroscopy 


Slit-lamp biomicroscopy with a Goldmann 
fundus contact lens was performed by a 
retinal specialist who was masked to the 
RTA data. At examination, a fundus photo- 
graph of the eye was available on which to 
record the areas of apparent retinal thick- 
ening. The locations of the RTA data were 
classified as being either inside or outside 
the area of thickening observed using bio- 
microscopy and marked on the photograph. 
The area of thickening identified after the 
slit-lamp examination was designated as 
being either greater than or less than the 
optic disc area. 


Fundus Stereophotography 


A red-free fundus photograph and color 
fundus stereophotographs of a standard 30* 
field centered on the macula were obtained. 
To benefit from a standardized grading, the 
stereophotographs were sent to the Fundus 
Photograph Reading Center at the Univer- 
sity of Wisconsin, Madison, to be graded. 
The stereophotographs were assessed for 
detection of retinal thickening by subdivid- 
ing the fundus into fields and comparing the 
thickness in each field with an area more 
than 1 dise diameter from the fovea, where 
the thickness was presumed to be normal. 
The stereophotographs were graded using a 
four-point system in which 1 indicated nor- 
mal or less than normal thickening; 2, be- 
tween normal and twice normal thickening; 
3, between two and three times normal 
thickening; and 4, greater than three times 
normal thickening. For comparison, the lo- 
cations of RTA data were classified with 
respect to the areas graded from the 
stereophotographs. 


Fluorescein Angiography 


Routine clinical fluorescein angiography 
was performed using a 25% solution of 
sodium fluorescein that was injected into an 
antecubital vein at a dose of 14 mg/kg of 





body weight. The degree of leakage was 
graded using the venous phase angiograms 
by placing a 600 x 300-i.m window on each 
RTA measurement location. The region in- 
side the window was graded by two inde- 
pendent observers who were masked to the 
RTA results. They used the following grad- 
ing scale: 0, questionable or no leakage; 1, 
leakage in less than 25% of the area; 2, 
leakage in 25% to 66% of the area; and 3, 
leakage in more than 66% of the area. Each 
of the graders repeated the grading on two 
different days. An estimated measure of 
agreement was obtained for the data using 
a discrete multivariate analysis." The aver- 
age intragrader and intergrader agreement 
coefficients were .72 and .48, respectively 
(1 represents perfect agreement). The larg- 
est disagreement was between grades 0 and 
1, indicating a variance in determining the 
threshold for no leakage or a small amount 
of leakage by each observer at each grading 
session. The relatively low interobserver 
agreement seems to indicate that the grad- 
ing of fluorescein angiograms is subjective 
and nonstandardized. To minimize the influ- 
ence of discrepancies between the graders 
and grading sessions, we obtained an aver- 
age fluorescein leakage grade for each loca- 
tion and rounded it to the nearest integer. 


Vitreous Fluorophotometry 


The amount of fluorescein leakage in the 
posterior vitreous was assessed using a 
commercial vitreous fluorophotometer (Co- 
herent, Palo Alto, Calif) and following a 
protocol previously described. Thickness 
values were compared using an index of the 
blood-retinal barrier leakage, namely, the 
posterior vitreous penetration ratio.’ 


RESULTS 
Visual Acuity 


The foveal thickness index was plot- 
ted as a function of the visual acuity 
converted to the logarithm of the mini- 
mal angle of resolution (log MAR) 
scale. On this scale, a score of 0 corre- 
sponds to 20/20 visual acuity (Snellen's 
test type) and each doubling of the 
visual angle increases the score 3 units 
(Fig 3). Eight of nine eyes with visual 
acuities of 20/50 (log MAR=4) or 
worse had thickness index values be- 
tween 1.5 and 3.0. All seven eyes with 
visual acuities of better than 20/32 (log 
MAR -2) had normal foveal thickness 
index values. Among the remaining 
three eyes, which had visual acuities of 
20/32, two had normal foveal thick- 
ness index values. Assuming that visu- 
al acuity of better than 20/32 is consid- 
ered normal, all nine eyes with greater 
than normal foveal thickness and three 
of 10 eyes with normal foveal thickness 
had worse than normal vision (Table 
1). Examination of the fluorescein an- 
giograms from these three patients 
indicated that two had enlarged foveal 
avascular zones, and one had hard 
foveal exudates. 
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Fig 3. — Relationship between foveal thickness index and visual acuity converted to logarithm of 
the minimal angle of resolution scale. The regions of normal thickness and vision are shaded. 


Slit-Lamp Biomicroscopy 


The relationship between the retinal 
thickness index and clinical evaluation 
with slit-lamp biomicroscopy is shown 
in Fig 4. The 77 locations at which no 
retinal thickening was detected with 
slit-lamp biomicroscopy had an aver- 
age thickness of 1.01+0.25, and the 52 
locations at which retinal thickening 
was detected had an average thickness 
index of 1.77+0.67. The number of 
locations with normal and greater than 
normal retinal thickness, as indicated 
by RTA data and slit-lamp biomicros- 
copy, is shown in Table 2. In 36 (80%) 
of 45 locations with abnormal thickness 
(retinal thickness index, 1.3), slit- 
lamp biomicroscopic results were also 
abnormal. In these locations, the aver- 
age thickness index was 2.05 0.62. 
Nine (20%) of 45 locations with abnor- 
mal thickness, undetected with biomi- 
croscopic examination, were less than 
1 disc diameter from thickened areas 
identified biomicroscopically. The reti- 
nal thickness index values at these 
locations were between 1.4 and 1.9 
(mean, 1.48+0.16). Although an ab- 
normal thickness index was measured 
in all areas indicated with slit-lamp 
biomicroscopy as thickened, 16 (19%) 
of 84 locations classified as abnormally 
thick biomicroscopically had normal 
thickness on RTA examination (retinal 
thickness index, <1.3). These locations 
were less than half a disc diameter 
from the edge of a thickened area 
detected using slit-lamp biomicroscopy 
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with an area larger than 1 disc 
diameter. 


Fundus Stereophotography 


To help compare the results of the 
RTA examinations with the stereopho- 
tographic grading performed at the 
reading center, we classified the reti- 
nal thickness index values into a grad- 
ing scale similar to that used at the 
center (Fig 5). Stereophotographs 
showed normal thickness at 58 loca- 
tions (mean retinal thickness index, 
1.06 +0.27), and abnormal thickness at 
54 locations (mean thickness index, 
1.67+0.72). The number of locations 
specified as normal or abnormal with 
each method is shown in Table 3. Thir- 
ty-two (78%) of 41 locations were 
shown to have abnormal thicknesses 
on the stereophotographs (mean reti- 
nal thickness index, 2.09+0.64). How- 
ever, nine (22%) of 41 locations that 
demonstrated no thickening on the 
stereophotographs had an average ret- 
inal thickness index of 1.56+0.23. The 
agreement coefficient between the two 
methods was .56 (1 represents perfect 
agreement). In general, most of the 
stereophotographs were classified as 
showing grade 1 or 2 thickness, with 
very few cases of grade 3 thickness, 
while the retinal thickness index 
showed thicknesses from 1 to 4. Addi- 
tinally, in the subfields that were con- 
sidered thick stereophotographically, 
thickening encompassed most of the 
area of the subfields. 


Table 1.—Visual Acuity Compared 
With RTA Measurements at the Fovea* 










Normal Abnormal 
Visual Visual 
RTA Results Acuity Acuity 
Normal (n = 10) 7 3 
Abnormal (n = 9) 0 9 


*RTA indicates retinal thickness analyzer. Data 
are numbers of eyes. 
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Thickness Grade Using 
Slit-Lamp Biomicroscopy 


Fig 4.—Relationship between retinal thick- 
ness index and thickening detected using slit- 
lamp biomicroscopy. Grade 1 locations were 
not thickened, and grade 2 locations were. 
The length of the horizontal bars indicates the 
number of data points at each grading; shad- 
ed areas indicate the region with normal reti- 
nal thickness index; and circles indicate the 
average thickness index at each grading. 
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Retinal Thickness Index 


1 2 3 
Thickness Grade Using Stereophotography 


Fig 5.—Relationship between retinal thick- 
ness index and retinal thickening graded us- 
ing data from color stereophotographs. 
Grade 1 indicates normal or less than normal 
thickening; grade 2, between normal and 
twice normal thickening; and grade 3, be- 
tween two and three times normal thickening. 
The length of the horizontal bars indicates the 
number of data points at each grading; shad- 
ed areas indicate the region with normal reti- 
nal thickness index; and circles indicate the 
average thickness index at each grading. 
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Table 2.—Results of Slit-Lamp Biomicroscopy Compared With 
RTA Measurements * 


Normal 
Biomicroscopic 
RTA Results Results 


Normal (n — 84) 68 
Abnormal (n — 45) 9 


* RTA indicates retinal thickness analyzer. Data are numbers of examined loca- 


tions. 


Table 3.—Results of Stereophotography Compared With RTA 


Measurements * 


Normal 
RTA Stereophotographic 
Results Results 
Normal (n — 71) 49 
Abnormal (n = 41) 9 


* RTA indicates retinal thickness analyzer. Data are numbers of examined loca- 


tions. 


Retinal Thickness Index 


0 1 2 3 


Leakage Grading Using 
Fluorescein Angiography 


Fig 6.—Relationship between retinal thick- 
ness index and leakage detected on fluores- 
cein angiograms. An average fluorescein 
leakage grade was obtained for each location 
and rounded to the nearest integer. Grade 0 
leakage was questionable or not present; 
grade 1, leakage in less than 25% of the area; 
grade 2, leakage in 25% to 66% of the area; 
and grade 3, leakage in more than 66% of the 
area. Shaded areas indicate the region with 
normal retinal thickness index values, and 
solid circles, the average thickness index at 
each grading. 


Fluorescein Angiography 


In Fig 6, the retinal thickness index 
is plotted as a function of the average 
leakage grade. Overall, higher levels 
of fluorescein leakage were associated 
with higher retinal thickness index val- 
ues, but each leakage grade between 1 
and 3 had a wide range of thickness 
index values. A comparison of retinal 
thickening with leakage demonstrated 
on the angiogram is shown in Table 4. 
Leakage was found in 54 (72%) of 75 
locations with normal retinal thick- 
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Stereophotographic 








Abnormal 
Biomicroscopic 
Results 


16 
36 


RTA 
Results 


Normal (n — 75) 


tions. 


Abnormal 
RTA 
Results 
Normal (n = 10) 
Abnormal (n = 9) 


Results 


22 
32 


Foveal Thickness Index 


10 


Abnormal (n — 46) 
* RTA indicates retinal thickness analyzer. Data are numbers of examined loca- 








Table 4.—Results of Fluorescein Angiography Compared With 
RTA Measurements * 


Abnormal 
Angiographic Angiographic 
Results Results 
21 54 

2 44 


Normal 


Table 5.—Results of Posterior Vitreous Leakage Compared 
With Foveal RTA Measurements * 


Abnormal 
Fluorophotometric Fluorophotometric 
Results Results 


5 5 
3 6 


Normal 


* RTA indicates retinal thickness analyzer. Data are numbers of eyes. 





30 40 


Leakage Grading Using Vitreous Fluorophotometry 


Fig 7.— Relationship between foveal thickness index and leakage in the posterior vitreous 
determined using the posterior vitreous penetration ratio. The regions of normal thickness and 


leakage are shaded. 


ness. Two (496) of 46 locations with an 
average retinal thickness index of 
1.88 +0.22 showed no leakage on an- 
giographic examination, and 44 (96%) 
of 46 locations with leakage had an 
average retinal thiekness index of 
2.02 + 0.64. 


Vitreous Fluorophotometry 


The foveal thickness index was plot- 
ted as a function of the posterior vitre- 
ous penetration ratio divided by the 
average normal value (Fig 7). A linear 
regression of the data points yielded a 
correlation coefficient of 7r=.39 
(P<.1). Five (50%) of 10 eyes with 
normal foveal thickness had larger 


than normal penetration ratios, and 
three (33%) of nine eyes with an aver- 
age foveal thickness index of 
2.08+0.48 had normal penetration 
ratios in the posterior vitreous (Table 
5). 


COMMENT 


In this study, retinal thickness as 
determined with RTA examination 
was considered normal when within 2 
SDs (80%) of the average normal val- 
ue, that is, when less than 1.3 times 
the average value in normal subjects. 
These values are based on a limited 
group of normal subjects that was not 
matched to our group in age, sex, or 
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race. In the future, with the availabil- 
ity of a larger number of normal sub- 
jects who are age-, sex-, and race- 
matched, a more reliable baseline 
could be obtained, thereby providing a 
more accurate retinal thickness index. 
The fact that retinal edema, expressed 
as retinal thickening, is related to vi- 
sion loss illustrates the importance of 
edema in visual outcome. In this group 
of diabetic patients with clinically sig- 
nificant macular edema, normal visual 
acuity was usually associated with nor- 
mal foveal thickness, and abnormal 
foveal thickening with abnormal visual 
acuity. Conditions other than edema, 
such as ischemia or degenerative 
changes, may lead to worsened visual 
acuity, although foveal thickness is 
normal. A longitudinal study, which 
would start before the development of 
clinically significant macular edema, is 
required to determine whether the loss 
of visual acuity precedes or follows 
foveal thickening. The finding that in 
some patients the fovea was more than 
three times thicker than normal im- 
plies that a large distortion in the 
tissue is likely to cause disturbances in 
the structure and function of the reti- 
na. The reversibility of these changes 
requires further investigation. 

The areas of thickening detected 
with slit-lamp biomicroscopy corre- 
sponded well (80%) with thickening of 
the retina at locations with an average 
thickness of more than twice normal, 
justifying treatment based on this rou- 
tine examination. However, slit-lamp 
biomicroscopy did not identify loca- 
tions with an average thickness of 1.5 
times normal. Conversely, slit-lamp 
biomicroscopy sometimes identified 
thickening despite a normal thickness 
index. That these regions were next to 
the edge of thickened areas indicates a 
trend to overestimate the size of the 
thickened area, which is probably due 
to not outlining the boundary of thick- 
ening point by point during slit-lamp 
biomicroscopy. In addition to its in- 
creased sensitivity compared with rou- 
tine clinical slit-lamp biomicroscopy, 
RTA is advantageous because of its 
quantitative nature and provision of a 
permanent record of the location and 
degree of thickening. 

The comparison of retinal thickness 
measurements and stereophotographic 
results suggested that the latter can 
detect thickening greater than 1.6 
times normal, which encompasses a 
large area of the fundus. For locations 
with an average thickness of more than 
twice normal, the agreement between 
the two methods was 78%. Stereopho- 
tography did not identify locations 
with mild or localized thickening. 
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Moreover, stereophotographic grading 
is based on local differences rather 
than comparisons with normal values, 
thus hindering the detection of diffuse 
edema. 

The degree of fluorescein leakage 
outside the fovea, assessed with fluo- 
rescein angiography, was related to 
retinal thickening (leakage was depict- 
ed in 9696 of the locations with twice 
normal thicknesses). However, fluo- 
rescein leakage was not always accom- 
panied by appreciable fluid accumula- 
tion, as demonstrated by fluorescein 
leakage at 72% of the sites with normal 
retinal thickness. Moreover, sites with 
similar amounts of fluorescein leakage 
had retinal thickening that ranged 
from normal to more than three times 
normal. Thus, leakage shown on fluo- 
rescein angiograms is a poor indicator 
of the amount of fluid accumulation in 
the retina. Nonetheless, it is essential 
to note that, because fluorescein angio- 
grams were obtained during routine 
clinical angiography, the time after 
injection and the photographic pro- 
cessing were not rigorously standard- 
ized, which might have affected 
grading. 

The relationship between fluorescein 
leakage and retinal thickening requires 
some interpretation. Physiologically, 
an abnormal permeability of retinal 
vessels leads to the leakage of macro- 
molecules and ions into the retina. It is 
conceivable that leakage could be pre- 
sent without fluid accumulation, owing 
to a balance between the rate of leak- 
age and reabsorption of fluid and small 
ions by adjacent normal vasculature or 
by the retinal pigment epithelium. 
Eventually, as the disease progresses, 
this balance can be disturbed and fluid 
may accumulate in the sensory retina, 
particularly as a consequence of a tran- 
sition in the type of leaking molecules. 
As large molecules, such as lipopro- 
teins, leak from the vessels and move 
into the extravascular space, an onco- 
tic influx of water is likely to occur, 
leading to excessive fluid accumulation 
and retinal thickening. The occurrence 
of such a process would imply that 
fluorescein angiography is useful for 
detecting leakage of small molecules, 
but unreliable for detecting or evaluat- 
ing fluid accumulation or macular 
edema. 

Vitreous fluorophotometry was de- 
veloped to measure the overall amount 
of fluorescein leakage in the posterior 
pole. The poor correlation with foveal 
thickening can again be explained by 
the lack of equivalence between leak- 
age and fluid accumulation. Moreover, 
because the results of vitreous fluoro- 
photometry depend on the location, 





degree, and area of the disrupted 
blood-retinal barrier, they are bound 
to compare poorly with local foveal 
thickening. This probably explains 
why three eyes in our study had no 
detectable leakage in the posterior vit- 
reous and thickened foveas. 

Our quantitative measurement of 
retinal thickness provides additional 
information; its relevance to the man- 
agement and monitoring of diabetic 
macular edema must still be evaluated. 
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Congenital Optic Tract Syndrome 


Curtis E. Margo, MD; Latif M. Hamed, MD; Julie McCarty, MD 


e We describe two patients with com- 
plete homonymous hemianopia who 
were unaware of their visual field de- 
fects. The clinical impression of an optic 
tract syndrome was confirmed by mag- 
netic resonance imaging, which showed 
absence of the corresponding tract in 
each case. The pathogenesis of congeni- 
tal absence of the optic tract is unclear 
but it could represent either a primary 
failure of development or secondary at- 
rophy due to focal injury during the peri- 
natal period. 

(Arch Ophthalmol. 
1122) 


1991;109:1120- 


H omonymous hemianopia resulting 

from optic tract syndrome is an 
uncommon condition usually caused by 
a space-occupying mass in the dien- 
cephalon. It may result less frequently 
from ischemic infarction or demyelin- 
ating disease." We describe two pa- 
tients with homonymous hemianopia 
who grew up unaware of their field 
defects. Magnetic resonance imaging 
(MRI) with coronal sections from the 
chiasm to lateral geniculate bodies re- 
vealed absence of the corresponding 
optic tract in each patient. 


REPORT OF CASES 


CASE 1.—A 36-year-old man with a re- 
cent diagnosis of neurocysticercosis was 
referred to the Department of Ophthalmol- 
ogy at the University of Florida, Gaines- 
ville, to rule out ocular involvement. The 
patient was an American missionary who 
had been living in Mexico for 1 year when 
he developed petit mal seizures. Computed 
tomography (CT) and MRI of the head 
disclosed multiple 0.5- to 2.0-em cystic le- 
sions, some partially calcified, throughout 
the cerebral hemispheres. An immunofluo- 
rescence serum assay for cysticercosis anti- 
gen was negative. Chemical and cytologic 
analyses of the cerebrospinal fluid were 
normal. The patient was treated emperical- 
ly with 50 mg/kg per day of praziquantel 
and 300 mg/d of phenytoin sodium (Dilantin) 
because of the characteristic findings on CT 
and MRI scans and the history of exposure 
to Taenia solium. Seizure activity resolved 
promptly with treatment, and the pheny- 
toin treatment was gradually discontinued. 

The patient’s medical history was signifi- 
eant for a long-standing left visual field 
defect. The patient had not been aware of 
this defect until age 16 years, when a 
routine eye examination revealed a com- 
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plete left homonymous hemianopia on tan- 
gent screen perimetry. This, in retrospect, 
explained his poor performance in sports, 
particularly his inability to avoid tacklers 
approaching from his left side when playing 
football. No further workup for the field 
loss was done. The patient also had a histo- 
ry of bilateral nystagmus since infancy. He 
was the product of a full-term pregnancy 
and had no history of perinatal trauma or 
infection. His general growth and develop- 
ment were otherwise unremarkable. 

Ophthalmologie examination revealed a 
best corrected visual acuity of 20/20 OD and 
20/25 OS. Color vision with pseudoishihara 
eolor plates was normal. Right-beating jerk 
nystagmus, greatest on right gaze, and fine 
rotary nystagmus in all positions of gaze 
were noted. The patient had 20 prism diop- 
ters (D) of left exophoria at distance fixa- 
tion. Optokinetie nystagmus was asymmet- 
rie, with a poor response to targets moved 
from left to right. Each pupil measured 3.5 
mm in diameter. Pupillary light reaction 
revealed a small (1+) left relative afferent 
pupillary defect. A complete left homony- 
mous hemianopia was demonstrated with 
both a confrontation examination and Gold- 
mann perimetry. Fundus examination 
showed temporal pallor of the right dise and 
pallor of both the nasal and temporal as- 
pects of the left disc (band atrophy) (Fig 1). 

Previous MRI and CT scans of the head 
revealed no structural lesion in the vicinity 
of the optie tract to account for the right 
optie traet syndrome. A second MRI scan 
with 3-mm coronal step sections from the 
prechiasmal optic nerves to the lateral ge- 
niculate bodies demonstrated absence of the 
lateral two thirds of the right optic tract 
(Fig 2). No other structural defects were 
found in this region. The optic nerves (or- 
bital and intracranial), chiasm, and genicu- 
late bodies were normal, as was the sulcal 
and gyral pattern of the cerebral cortex. 

The right optic tract syndrome in this 
patient was an incidental finding unrelated 
to his neurocysticercosis. The left. homony- 
mous field loss had been documented 20 
years earlier, and had presumably been 
present from birth since the patient was 
never aware of it. Optokinetic asymmetry 
was attributed to parietal lobe lesions of 
neurocysticercosis. 


CASE 2.—A 12-year-old boy was born 
with a left oculomotor nerve palsy. He was 
the product of a full-term pregnancy and 
was delivered by cesarean section. At age 
13 months, a thorough eye examination 
revealed a complete left oculomotor nerve 
palsy with misdirection and bilateral nys- 
tagmus that was dampened on the paretic 
side. The patient displayed a preference to 
fix with the paretic left eye. The right pupil 
measured 5 mm and was briskly reactive to 
direct and consensual light. The left pupil 
measured 2.5 mm and showed no direct or 
consensual light reaction to gross inspec- 
tion. The results of the fundus examination 
were normal. 


Right optic disc pallor was noted at age 3 
years. Skull roentgenograms with views of 
the optic foramina were normal. Several 
years later the patient underwent strabis- 
mus and ptosis surgery to improve the 
cosmetic problems caused by the left con- 
genital oculomotor nerve palsy. 

At age 12 years, the patient's visual 
acuity was 20/100 OD and 20/60 OS. Nys- 
tagmus was right beating on right gaze and 
left beating on left gaze, with greater am- 
plitudes in the right eye. No afferent pupil- 
lary defect was present. Fundus examina- 
tion showed a striking band atrophy of the 
right optic dise with associated loss of the 
nerve fiber layer nasal to the fovea. The left 
dise showed mild, diffuse pallor (Fig 3). 
Visual field examination disclosed a com- 
plete right-sided homonymous hemianopia. 

Magnetie resonance imaging showed ab- 
sence of the left optic tract and left oculo- 
motor nerve (Fig 4). The right optic tract 
and right oculomotor nerve were normal. 
The remainder of the scan results were 
normal, including the cerebral gray and 
white matter. Standardized A-scan echo- 
graphy showed bilateral small optic nerves 
measuring 1.9 mm in thickness on each side 
(normal thickness, 2.3 to 3.3 mm). This 
patient was briefly described in a series of 
14 patients with congenital oculomotor 
nerve palsies.” 


COMMENT 


Congenital homonymous hemianopia 
is uncommon.” Unlike patients with 
acquired field loss, patients with con- 
genital field defects are usually un- 
aware of any field loss. Congenital 
homonymous hemianopia has been de- 
scribed in two clinical settings. The 
first is exemplified by patients with 
hemicerebral atrophy, porencephalic 
cysts, occipital arteriovenous malfor- 
mations, and occipital lobe anomalies 
associated with Sturge-Weber syn- 
drome. Loss of cerebral tissue in these 
patients is often associated with a vari- 
able degree of motor, sensory, devel- 
opmental, and cognitive abnormalities, 
depending on the laterality and extent 
of the hemispheric lesion. These types 
of developmental abnormalities are 
usually evident on CT. Congenital he- 
mianopia in the second group of pa- 
tients is usually an isolated finding 
with no discernible abnormalities on 
CT. 

Hoyt and associates’ described the 
funduscopic appearance of three pa- 
tients with congenital homonymous he- 
mianopia associated with cerebral he- 
miatrophy. Red-free fundoscopy and 
photography highlighted the topo- 
graphic pattern of optic tract atrophy. 
All patients had characteristic tempo- 
ral pallor of the ipsilateral disc and 


Congenital Optic Tract Syndrome— Margo et al 





Fig 1.—Left, Band atrophy of the right disc. Right, Temporal pallor of the left disc. 
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Fig 2.—Magnetic resonance image (coronal 
section) showing normal right optic tract (ar- 
row) and absence of the lateral two thirds of 
the left optic tract. 





Fig 3. — Left, Band atrophy of the right disc. Right, Mild generalized pallor of the left disc. 


band atrophy of the contralateral disc 
with atrophy of the nerve fiber layer 
nasal to the fovea. The pattern of 
atrophy implied either transynaptic 
degeneration of retinal ganglion cells, 
primary injury to the optic tract, or 
lateral geniculate body. This distinc- 
tion was especially difficult to make 
before the advent of MRI. 

The congenital homonymous he- 
mianopia in the second group of pa- 
tients is usually an isolated finding not 
associated with obvious structural de- 
fects of the cerebral hemisphere. Ba- 
jandas et al’ described eight patients, 
all but one of whom had good visual 
acuity (20/30 or better); the one excep- 
tion was a patient with strabismic am- 
blyopia. Their patients ranged in age 
from 13 to 46 years and were uniformly 
unaware of the field loss. Atrophy of 
the optic discs was present in all but 
one patient. There were no major 
structural abnormalites of the central 
nervous system. A history of learning 
disability and emotional volatility was 
noted in four patients, however. The 
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results of neuroradiologic studies were 
normal in three patients (ie, brain 
scan, pneumoencephalography, and 
plain skull roentgenograms). One pa- 
tient had arachnoiditis of the chiasm 
that was described at craniotomy. 

Had MRI been available, subtle 
structural defects in the occipital cor- 
tex or optic tract may have been found 
in some of these patients. Tychsen and 
Hoyt" described two teenagers with 
isolated congenital homonymous he- 
mianopia due to focal occipital lobe 
dysplasia. Computed tomography of 
the brain failed to demonstrate any 
abnormalities, but MRI identified sub- 
tle structural abnormalities of the stri- 
ate cortex and underlying white mat- 
ter. The hemianopic defect in both 
patients was an incidental finding de- 
tected on routine eye examination.” 
Similarly, polymicrogyria affecting 
only the striate cortex may produce 
congenital homonymous hemianopias, 
often with incongruous borders not 
strictly respecting the vertical 
meridian.” 
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Gammal et al' described a 54-year- 
old man with congenital aplasia of the 
right optic tract. Although clinical de- 
tails were limited, the patient had a 
“life-long” history of a dense left-sided 
visual field defect. Magnetic resonance 
imaging revealed the complete absence 
of the right optic tract and elevation of 
the right ambient cistern, suggesting 
absence of the right lateral geniculate 
body. To our knowledge, this is the 
only other case of presumed congenital 
homonymous hemianopsia ascribed to 
aplasia of the optic tract and docu- 
mented by MRI.’ 

Garmizo’ reported a complete left- 
sided homonymous hemianopia in a 
healthy 11-year-old boy that could 
have been caused by an isolated lesion 
of either the occipital cortex or the 
optic tract. Visual field loss was an 
incidental finding on a routine eye ex- 
amination. The child was the product 
of a 7-month pregnancy and had mild 
respiratory distress following delivery. 
He was otherwise healthy and fully 
active in sports. Two CT scans of the 
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Fig 4.—Magnetic resonance image (coronal 
section) showing normal right optic tract (ar- 
row) and absence of the left optic tract. 


head revealed no abnormalities; MRI 
was not performed. 

The pathogenesis of the optic tract 
defects in our patients is unclear. The 
use of the term aplasia implies a pri- 
mary failure of development, a phe- 
nomenon that cannot be clinically sub- 
stantiated. It is possible that the 
absence of the optic tracts reflects 
injury that occurred after they had 
already formed. In this situation, the 
abnormality would be more accurately 
described as atrophy. There was, how- 
ever, no history of perinatal trauma or 
infection to account for atrophic degen- 
eration. The infant in case 2 was deliv- 
ered by cesarean section, which proba- 
bly precludes birth injury as a 
probable cause of absence of the optic 
tract. The patient also had an ipsilater- 
al congenital oculomotor nerve palsy. 
The pathogenesis of the latter condi- 
tion remains controversial and is un- 
likely to be due to the same mechanism 
in all cases.’ 

Some cases are likely due to birth 
trauma, but this is unlikely in our 
patient because of the cesarean section 
delivery. Intra-axial (brain stem) le- 
sions, possibly of a vascular nature, 
have been suspected of causing some 
cases of congenital oculomotor palsy 
based on clinical and necropsy stud- 
ies.” It would be difficult to explain 
the association of optic tract and oculo- 
motor nerve lesions in our patient on a 
purely vascular basis, given the diver- 
sity of vascular supply of these two 
structures. Infarction of the optic tract 
rarely occurs because of its dual blood 
supply. The major blood supply to the 
optic tract is derived from the anterior 
choroidal artery. Small branches com- 
ing directly from the internal artery 
and posterior communicating artery 
also supply this region. Ischemic inju- 
ry could occur in the perinatal period if 
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one postulates aberrant development 
of the vasculature to the optic tract or 
lateral geniculate body. 

Diminished size of the optic tract on 
MRI has been described in association 
with ulegyria." This was thought to 
result secondarily from degeneration 
of nerve fibers due to destruction of 
the ipsilateral parieto-occipital region. 
In this regard, no evidence of ulegyria 
or related disorders was noted on MRI 
in either of our patients. 

How could such a profound develop- 
mental defect occur in one optic tract 
and not adversely affect normal chias- 
mal development or the axonal projec- 
tions to the opposite hemianopic field? 
The absence of any structural damage 
to surrounding tissue on MRI suggests 
that the optic tract may have formed 
normally and undergone subsequent 
retrograde degeneration. It has been 
demonstrated in animals that retro- 
grade degeneration of retinal ganglion 
cells occurs normally during embryo- 
genesis in cells whose axons fail to 
make synaptic connections in the later- 
al geniculate body." Evidence sug- 
gests that an excess number of retinal 
ganglion cells are normally targeted 
for central connections, anticipating 
that some will fail to establish synaptic 
connections." It is possible that the 
absence of the optic tracts in our pa- 
tients was due to primary injury of the 
lateral geniculate body, thus prevent- 
ing central connections from forming 
and causing massive retrograde degen- 
eration of axons. This theory would 
explain how such a profound defect 
could appear to have so little effect on 
surrounding tissue or on the develop- 
ment of the rest of the anterior visual 
pathway. Damage to the lateral genic- 
ulate body, however, would be expect- 
ed to be associated with abnormal optic 
radiations, which was not noted in our 
patients. 

It is interesting that both of our 
patients showed nystagmus. The pa- 
tient with congenital optic tract hypo- 
plasia described by Gammal et al’ also 
had a jerk nystagmus with a pendular 
rotary component (Robert C. Har- 
bour, MD, oral communication, Feb 4, 
1991) Nystagmus in these patients 
could not be due to poor visual acuity 
(sensory nystagmus) since they all had 
visual acuity of 20/40 OU or better. It 
could not be solely attributed to con- 
genital homonymous hemianopia since 
patients with hemianopia caused by 
cortical damage do not typically have 
nystagmus."^" Nystagmus could possi- 
bly represent a form of sensory adap- 
tation to field loss since "scanning" 
through areas of field loss would tend 
to compensate for the deficit. This 
explanation, however, would not ac- 


count for the absence of nystagmus in 
patients with homonymous hemianopia 
due to occipital lobe dysplasia." One 
may speculate that homonymous he- 
mianopia due to anterior visual path- 
way disease leads to nystagmus by 
distrupting neural connections be- 
tween afferent neurons carried in the 
optic tracts and other motoneurons in 
the brain stem. This explanation is 
supported by studies in animal models 
of nystagmus in which visual depriva- 
tion during critical periods appears to 
alter gaze-holding systems in the brain 
stem and/or cerebellum.” 


This study was supported in part by an unre- 
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Electroretinographie Monitoring of 
Retinal Function During Eye Surgery 


Yozo Miyake, MD; Katsuya Yagasaki, MD; Masayuki Horiguchi, MD 


e We performed a pilot study of elec- 
troretinographic monitoring of retinal 
function during eye surgery performed 
with local anesthesia. A contact lens with 
a built-in light-emitting diode was steril- 
ized and used as both a stimulus source 
and a recording electrode for 30-Hz flick- 
er electroretinograms. Each recording 
required 7 seconds, during which the 
operating light (but not the room light) 
was switched off. Electroretinograms re- 
corded during surgery on 10 patients 
with minimal retinal abnormality were 
evaluated for the effects of light adapta- 
tion caused by regular exposure to an 
operating light source or operating mi- 
croscope. The fluctuations of the ampli- 
tude and peak time were small, indicating 
that this technique can be used to moni- 
tor retinal function during eye surgery. 
Some results during retinal and vitreous 
surgeries are shown. 

(Arch Ophthalmol. 
1126) 


1991;109:1123- 


Tre monitoring of retinal function 

during eye surgery is one of the 
most important clinical electrophysio- 
logic fields. Some attempts have used 





See also p 1127. 





visual evoked potential," but the use- 
fulness of visual evoked potential is 
limited because it does not reflect reti- 
nal function directly and can be extin- 
guished by retrobulbar anesthesia.‘ 
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Although the potential value of us- 
ing electroretinography (ERG) to mon- 
itor retinal function during eye sur- 
gery has been realized, such a 
procedure presents several difficulties, 
and therefore trials have been few. 
For example, in addition to the re- 
quirement of asepsis, each recording 
should be made quickly and with com- 
pact equipment, so that the procedure 
does not interfere with the operating 
surgeon. Furthermore, the ERG 
should be cone-mediated, because the 
eye undergoing surgery is strongly 
adapted to light. 

Using a special contact lens with a 
built-in light-emitting diode (LED) 
light source, we performed a pilot 
study of ERG monitoring during eye 
surgery with local anesthesia. 


MATERIALS AND METHODS 


We used portable ERG equipment 
(PE200, Tomei)’ that was modified to have 
a power source unit supply stabilized cur- 
rent to an LED." This LED had a peak 
frequency at 660 nm with a 30-Hz flicker 
stimulus intensity of 3300 W/cm”. A steril- 
ized ERG contact lens with the LED light 
source built in (Fig 1) served as both a 
recording electrode and a stimulus source. 
This contact lens (EL100, Tomei) was de- 
signed to have a diffusing effect and achieve 
full-field stimulation of the retina. The indif- 
ferent electrode was attached to the center 
of the forehead, and the ground was placed 
on the earlobe. The pupil was dilated with a 
combination of 0.5% tropicamide and 0.5% 
phenylephrine hydrochloride. 

Informed consent was obtained from all 
patients. In this pilot study, eyes were not 
adapted to the dark before surgery. At 
designated times during surgery, the oper- 
ating light source was switched off, and 
ERGs were immediately recorded; the 
room light (120 lux) was kept on during the 
recordings. Although the differences in am- 
bient room light could influence the ampli- 
tude of 30-Hz flicker ERG, this study was 
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performed under constant ambient room 
light. Each recording required 7 seconds. 
To adjust a relatively eonstant adaptational 
level in each recording, the responses in the 
initial 4 seconds were excluded from the 
averaged results, and only the 30 responses 
in the next 3 seconds were averaged. Each 
recording was plotted on paper with auto- 
matically measured amplitude and peak 
times. 

To lessen the effect of opaque media on 
the ERG, the maximum stimulus intensity 
was used. Figure 2 shows the intensity- 
response function recorded for a healthy 
subject not undergoing surgery. The ampli- 
tudes in the high stimulus range are not 
completely saturated. This result indicates 
that the effect of opaque media on the ERG 
could not be ignored, even though we used 
the maximum stimulus intensity. 


RESULTS 
ERG Monitor Under Regular 
Operating Light Source 


Conventional retinal detachment 
surgery is performed under a regular 
operating light source (18000 lux in 
eye position). To study the effect of 
light adaptation on ERGs obtained 
during surgery under such an operat- 
ing light, we recorded ERGs in four 
patients undergoing surgery for stra- 
bismus before recording ERGs in a 
patient undergoing retinal detachment 
surgery with scleral buckle. 

Figure 3 shows the ERG recordings 
from two of the four patients with 
strabismus. Each operation required 
about 50 to 70 minutes. In all patients, 
the surgery was performed with the 
patient under local anesthesia (2% lido- 
caine; 1.5 mL of subconjunctival anes- 
thesia). The first recording was done 
after 2 minutes of surgery to permit 
adjustment to the preadaptational lev- 
el. The peak time and fluctuations of 
ERG amplitude were small during sur- 
gery. The fluctuations of amplitude 
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Fig 1.—A contact lens used as both a record- 
ing electrode and a stimulus source with a 
built-in light-emitting diode is sterilized and 
put next to the eye undergoing surgery. This 
contact lens provides full-field stimulation of 
the retina. 


(FA) and peak time (FP) during sur- 
gery under a regular operating light 
source are defined as follows: 


FA = LA — SA; FP = LP - SP 
(in milliseconds) 


where SA and LA are the smallest and 
the largest amplitudes during each 
surgery, respectively; and LP and SP 
are the longest and the shortest peak 
times during each surgery, respective- 
ly. In the four patients with strabis- 
mus, the FA ranged from 0.11 to 0.24 
(mean, 0.18), and the FP ranged from 
1.4 to 3.1 milliseconds (mean, 2.2 milli- 
seconds) There was no tendency for 
the amplitude or peak time to gradual- 
ly increase or decrease in response to 
the time of surgery. 

Figure 4 shows ERGs recorded dur- 
ing conventional retinal detachment 
surgery. The patient had a high retinal 
detachment associated with a retinal 
break in the inferior fundus. The supe- 
rior fundus was still attached. Scleral 
buckling was performed with local an- 
esthesia (2% lidocaine; 4 mL for retro- 
bulbar anesthesia, 5 mL for facial 
nerve block, and 1 mL for subconjunc- 
tival anesthesia). 

After a conjunctival incision, the 
ERG showed little change. After four 
applications of cryopexy around the 
retinal break, the amplitude reduced 
slightly. After drainage of subretinal 
fluid, the eye became extremely hypo- 
tonic. At this point, the amplitude 
decreased, even though the detached 
retina had been almost completely re- 
attac After ocular tension was re- 
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Fig 2.—Thirty-hertz flicker electroretinograms recorded with variable stimulus intensities (left) 
and showing intensity-response function (right) in a normal subject. 
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Fig 3.—Electroretinograms recorded during strabismus surgeries with local anesthesia. Num- 
bers on the left indicate the time after surgery started. The operating light source (18 000 lux) 
was switched off during electroretinographic recording, but the room light stayed on (120 lux). 


stored to normal by the scleral buck- 
ling procedure, the amplitude in- 
creased to the preoperative level, but 
did not recover further. 


ERG Monitor Under 
Operating Microscope 


The light intensity of our operating 
microscope was 72 000 lux in eye posi- 
tion. To study the effect of light adap- 
tation on the ERG during microscopic 
surgery, the fluctuations of ERGs 
were measured during preparation for 
vitrectomy, since the vitrectomy pro- 
cedure itself may change retinal func- 


tion. Patients with minimal retinal ab- 
normality and clear media were 
selected; four had idiopathic macular 
pucker and two had vitreomacular 
traction syndrome. The preparation 
for vitrectomy included local and sub- 
conjunctival anesthesia, conjunctival 
incision, suture of four rectus muscles, 
and scleral cautery by diathermy. 
These procedures were performed un- 
der the operating microscope in ap- 
proximately 10 minutes. The first re- 
cording was done after 2 minutes of 
preparation, taking the preoperative 
adaptation level into consideration; 
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three more recordings were made at 2- 
minute intervals. The operating micro- 
scope light was switched off during 
each recording. 

The FA and FP during 10 minutes of 
preparatory surgery were small. The 
FA in the six patients ranged from 
0.11 to 0.28 (mean, 0.21), and the FP 
ranged from 0.7 to 2 milliseconds 
(mean, 1.2 milliseconds). There was no 
tendency for the amplitude or peak 
time to gradually increase or decrease 
in response to the time of surgery. 

Figure 5 shows ERGs recorded dur- 
ing vitrectomy in a patient with vitre- 
ous hemorrhage. We started the oper- 
ation after the administration of local 
anesthesia. From the beginning of the 
operation, it took approximately 10 
minutes to introduce an infusion needle 
into the vitreous cavity. During this 
period, conjunctival incision, diather- 
my, scleral cautery, and other prepa- 
rations for vitrectomy were performed 
under the operating microscope. The 
ERG amplitude and peak time record- 
ed just after introduction of the infu- 
sion needle showed little change. It 
took approximately 20 minutes to re- 
move the opaque vitreous body. We 
used room-temperature intraocular ir- 
rigating solution (Opeguard, Senju). 
When the vitrectomy was completed, 
the amplitude was slightly reduced, 
and the peak time was significantly 
delayed (17-millisecond delay). This 
delayed peak time remained un- 
changed when measured at the end of 
operation, after 10 minutes of vitrec- 
tomy. However, an ERG recorded 7 
days after operation showed that the 
peak time had returned to the previ- 
trectomy level. 

Figure 6 shows the ERG changes 
during surgery in a patient with a 
shallow retinal detachment in the mac- 
ular region, associated with macular 
pucker. The operation was performed 
with the patient under local 
anesthesia. ! 

The ERGs recorded after local anes- 
thesia (start), and after introduction of 
infusion needle into the vitreous cavity 
(infusion) did not show any difference 
in amplitude and peak time. However, 
after vitrectomy, which took 10 min- 
utes, the peak time was delayed (11.3- 
millisecond delay) and the amplitude 
decreased. The preretinal membrane 
was peeled off, and the whole vitreous 
cavity was filled with air; the ERG 
recorded after this fluid-air exchange 
showed enormously reduced amplitude 
with delayed peak time. Five days 
after surgery, when the air disap- 
peared from the vitreous cavity, the 
ERG showed preoperative amplitude 
and peak time. 
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Fig 4.—Left, Electroretinograms recorded during surgery for retinal detachment. Right, Electro- 
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Fig 5.—Electroretinograms recorded during 
vitrectomy in a patient with vitreous hemor- 
rhage. The surgery was performed with an 
operating microscope (72000 lux) Each 
electroretinographic recording was made 
with the operating microscope light switched 
off. Each procedure during surgery is indicat- 
ed at the left. (Start indicates the time admin- 
istration of local anesthesia was completed.) 
See text for details. 


COMMENT 


An ERG monitor during eye surgery 
can provide useful information regard- 
ing changes of retinal function caused 
by the surgical procedure or light dam- 
age. Using compact equipment’ and 
the special contact lens with built-in 
LED,"" we were able to record 30-Hz 
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vitrectomy in a patient with macular pucker. 
The recording conditions were the same as 
for the patient whose electroretinogram is 
shown in Fig 5. (Start indicates the time ad- 1 
ministration of local anesthesia was complet- 
ed, and infusion, time infusion needle was 

introduced.) See text for details. 
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tent. Although it has been reported 
that cone-flicker ERGs increase in am- 
plitude during light adaptation," dark 
adaptation before surgery was not per- 
formed in this pilot study. Therefore, 
the eye was considered to be light 
adapted during the preparations for 
surgery. 

Several interesting phenomena were 
noted. In the scleral buckling proce- 
dure for rhegmatogenous retinal de- 
tachment, drainage of subretinal fluid 
reduced the amplitude of the ERG, 
despite ophthalmoscopie evidence of 
nearly complete retinal attachment. 
We think that the reduced amplitude 
resulted from the extreme hypotonia, 
since the amplitude recovered to the 
preoperative level after the scleral 
buckling procedure returned ocular 
tension to normal. The failure of the 
recovered ERG amplitudes to exceed 
the preoperative level, even when the 
retina appeared opthalmoscopically to 
be attached, suggests that ERG 
changes during retinal detachment 
surgery mainly reflect the function of 
the preattached retina and that a re- 
sponse is not elicited soon from the 
reattached retina. 

Delayed peak time and reduced am- 
plitude of the 30-Hz flicker ERG were 
observed after vitrectomy in a patient 
with vitreous hemorrhage and in an- 
other with macular pucker. In the pa- 
tient with vitreous hemorrhage, a shift 
of the sine wave in flicker response 
may indicate either a delay or a short- 
ening of the peak time. Shortening of 
the peak time might result from in- 
creased light reaching the retina after 
the removal of blood from the vitreous. 
On the other hand, some sort of retinal 
damage caused by the vitrectomy pro- 
cedure may result in a delayed peak 
time. We think the shift of the sine 
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wave likely indicates a delay of the 
peak time since the peak time recorded 
7 days after the operation had recov- 
ered to the previtrectomy level in this 
patient with vitreous hemerrhage. 
Furthermore, similar results were ob- 
tained in a patient with macular pucker 
with clear media. The mechanism of 
these abnormalities of ERG following 
vitrectomy will be discussed in a forth- 
coming article.” 

The extreme reduction of ERG am- 
plitude following fluid-air exchange in 
the vitreous cavity does not indicate 
reduced retinal function, but results 
from reduced electrical conductivity in 
the vitreous cavity. The amplitude (as 
well as peak time) returned to preoper- 
ative levels when the air had resorbed 
from the vitreous cavity 5 days after 
the surgery. 

This method can provide information 
on the surgical damage to the human 
retina during surgery. Also, ERG 
measurements are of potential value in 
monitoring light damage during a sur- 
gical procedure. However, one has to 
consider the notion that photochemical 
damage may not result in immediate 
functional impairment. For example, 
histologic changes are not noted imme- 
diately on exposure to a toxic level of 
light exposure." Thus, there is at least 
the possibility that light damage could 
occur and not be ascertainable at the 
time of surgery. Additionally, it is 
relevant that light damage from an 
operating microscope from a focused 
filament could cause focal damage” 
that would not be determined by the 
full-field ERG procedure described 
here. 


This study was supported by grant-in-aid 
62480362 from the Ministry of Education, Science 
and Culture of Japan. 
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Effect of Temperature on Electroretinograph Readings 
During Closed Vitrectomy in Humans 


Masayuki Horiguchi, MD, Yozo Miyake, MD 


e To determine whether intraocular 
cooling using room-temperature irrigat- 
ing solution can cause abnormal electro- 
retinograph readings, we operated on 
six patients with premacular fibrosis and 
minimal retinal detachment, measuring 
the temperature in the vitreous cavity 
and using an electroretinographic moni- 
tor. The temperature in the vitreous cavi- 
ty dropped to 27°C to 28°C after vitrecto- 
mies during which room-temperature 
solutions were used. This resulted in 
abnormal electroretinograph readings 
(markedly delayed peak times and re- 
duced amplitudes). These results sug- 
gest that the routinely used room-tem- 
perature solution affects retinal function 
during vitrectomy; however, this func- 
tional change was reversible in patients 
having only minimal retinal abnormality. 

(Arch Ophthalmol. 1991;109:1127- 
1129) 


[t is important to detect any retinal 

damage caused by closed vitrec- 
tomy. Relevant studies have been per- 
formed in animal models,'^ but no re- 
ports have measured human retinal 
function during vitrectomy. We have 





See also p 1123. 





designed a system that employs elec- 
troretinography (ERG) to monitor ret- 
inal function during eye surgeries.’ Us- 
ing this system, we found that the 
ERG became appreciably abnormal 
during closed vitrectomy even in pa- 
tients with minimum retinal pathologic 
conditions." To determine whether 
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these ERG abnormalities resulted 
from a reduction in intraocular tem- 
perature caused by the infusion of the 
irrigating solution, we measured the 
temperature in the vitreous cavity 
during ERG-monitored vitrectomies in 
patients with premacular fibrosis. Our 
results indicated that the ERG abnor- 
malities produced in routine closed vi- 
trectomies were caused by alteration 
of the temperature in the vitreous 
cavity and retina. 


MATERIALS AND METHODS 


Our method of ERG monitoring during 
closed vitrectomy was described previous- 
ly.” Briefly, a contact lens with a built-in 
light-emitting diode’ was sterilized and 
used as both the stimulus source and the 
recording electrode for 30-Hz flicker ERGs. 
Portable ERG equipment’ was modified to 
have a power source unit supply stabilized 
current to the light-emitting diode. The 
indifferent electrode was attached to the 
center of the forehead, and the ground was 
placed on the earlobe. The pupil was dilated 
with a combination of 0.5% tropicamide and 
0.5% phenylephrine hydrochloride. Eyes 
were not adapted to the dark before sur- 
gery. At designated times during surgery, 
the operating microscope (72 000 lux in eye 
position) was switched off, and a 30-Hz 
flicker ERG was immediately recorded in 
7 seconds; the room light (120 lux in eye 
position) was kept on during the recordings. 
During each recording, the ocular tension 
was kept at 18 to 20 mm Hg. 

The temperature in the vitreous cavity 
was measured with a thermocouple. The 
sensor was attached to the end of 
a 0.25-mm-diameter wire and inserted into 
the vitreous cavity through the scleral inci- 
sion made for vitrectomy. The temperature 
could be measured everywhere in the vitre- 
ous cavity under visual control through a 
contact lens for vitrectomy using a light 
guide; the procedure took approximately 
1 to 3 seconds. 

We routinely use one irrigating solution 


(Opeguard; Senju, Tokyo, Japan) at room 
temperature (about 25°C) in vitrectomies. 
For this study, however, we also used 
solution that was kept at 34°C by a warming 
system made for blood transfusions. There 
was no other difference between the room- 
temperature and warmed solutions (pH 7.4; 
PO,, 150 mm Hg). 

Informed consent was obtained from all 
six patients. All patients had minimal vitre- 
ous opacity and minimal retinal detachment 
with complete posterior vitreous detach- 
ment. Vitrectomy was performed after ad- 
ministration of local anesthesia (2% lido- 
caine; 4 mL for retrobulbar anesthesia, 
5 mL for facial nerve block, and 1 mL for 
subconjunctival anesthesia) and at desig- 
nated times during surgery the tempera- 
ture in the vitreous cavity was measured 
and ERGs were obtained. 


RESULTS 


In three patients (group 1), only 
room-temperature solution was used. 
Temperature readings and ERGs were 
obtained just before the introduction of 
the irrigating solution and at the end of 
vitrectomy. One patients ERG and 
the values obtained in group 1 are 
shown in Fig 1 and Table 1, respective- 
ly. In this group, the initial tempera- 
ture measurement was performed in 
the midvitreous and yielded values 
close to body temperature (34°C or 
35°C). Each vitrectomy lasted approxi- 
mately 20 to 40 minutes. At the end of 
each vitrectomy, temperature read- 
ings were obtained at different sites in 
the vitreous cavity. The temperature 
readings were uniform (27°C to 28°C) 
at different sites, even at those sites 
very close to the retina. At the end of 
vitrectomy, the ERGs of all patients in 
group 1 showed appreciably delayed 
peak times and reduced amplitudes. 

In three more patients (group 2), the 
warmed solution was used during the 
first 20 to 30 minutes of vitrectomy, 
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Fig 1.—Effects of change in temperature in 
the vitreous cavity on electroretinograph 
readings before (top) and after (bottom) vi- 
trectomy in case 1 in group 1. Bars indicate 
when light stimulus was provided. 





Fig 2.—Effects of change in temperature in 
the vitreous cavity on electroretinograph 
readings before (top) and during vitrectomy in 
case 1 of group 2. Bars indicate when light 
stimulus was provided. 


followed by the room-temperature so- 
lution during the next 5 to 7 minutes 
and warmed solution during the final 4 
to 7 minutes. We obtained ERGs and 
temperature readings before the intro- 
duction of irrigating solution and at the 
end of each of the periods during which 
warmed or room-temperature solution 
was used. 

An example of the results (Fig 2) 
and the values measured in group 2 
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which warmed (34°C) solution was used: point 3, at the end of a 5- to 7-minute period during which room-tem- 
perature solution was used; and point 4, at the end of a 4- to 7-minute period during which warmed solution was 


used. 


patients (Table 2) show a clear correla- 
tion among temperature in the vitre- 
ous cavity, peak time, and amplitude. 
Most important, the change in the 
ERGs after infusion with room-tem- 
perature solution was reversible when 
the warmed solution was used. 


COMMENT 


We believe that the notably abnor- 
mal ERGs associated with the use of 
room-temperature irrigating solution 
resulted from changes in retinal tem- 
perature and not from other factors 
(such as light adaptation effect or 
physical retinal damage caused by the 
illuminating light or the vitrectomy 
itself) because this change was re- 
versed during vitrectomy when the 
temperature in the vitreous cavity was 
restored to presurgical levels. To our 
knowledge, this is the first report indi- 
cating an effect of retinal temperature 
on ERG readings in humans. 

Experiments in animals have indi- 


cated that changes in retinal tempera- 
ture can alter ERGs.*” In cold-blooded 
animals, the effect of temperature on 
the retina seems to vary among spe- 
cies. Baylor et al" reported that rod 
membrane current increased with 
warming in toads. Thorpe’ reported 
that cooling of goldfish retina selec- 
tively delayed the peak time of the rod 
ERG, but did not reduce the ampli- 
tude. Goldstein and Price" found that 
regeneration of cone visual pigment 
was delayed by hypothermia in frogs. 
In warm-blooded animals, results 
have varied according to the methods 
for changing the temperature of the 
retina. Reduced ERG amplitude and 
delayed peak time were shown in hy- 
pothermie perfused bovine eyes' (even 
at room temperature), in living cat and 
guinea pig eyes,’ and in isolated rabbit 
retinas.’ Some investigators,"" howev- 
er, have reported that room tempera- 
ture solution did not alter ERGs dur- 
ing vitrectomy in rabbits. Honda 
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speculated that slightly cool solution 
may not influence retinal temperature 
during vitrectomy in the rabbit be- 
cause the posterior vitreous is not de- 
tached from the retina in this animal 
model; this attached vitreous cannot be 
removed through vitrectomy and may 
act as a barrier that prevents the 
retina from being cooled. 

All of our patients, however, had 
complete posterior vitreous detach- 
ments, and temperatures were uni- 
form at different sites in the vitreous 
cavity after vitrectomy, confirming 
our contention that the retinal tem- 
perature was altered by the tempera- 
ture of the irrigating solution. 

The mechanism of the effect of reti- 
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nal temperature on the ERG remains 
unknown. Hypothermia seems to in- 
hibit the viability and metabolic activi- 
ty of the retinal cells and electrochemi- 
cal events responsible for the electrical 
responses of the retina to light. 
Room-temperature irrigating solu- 
tion is routinely used in vitrectomies 
performed worldwide. It has been sug- 
gested" that vitreoretinal surgeons 
should avoid warming intraocular infu- 
sion fluids to levels above room tem- 
perature to minimize light damage to 
the retina. Although the ERG became 
extremely abnormal when we used the 
room-temperature solution during vi- 
trectomy, there is no evidence that 
these reversible ERG results indicate 
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CORRECTION 


retinal damage, only retinal change. 
The changes observed may, in fact, 
indicate a process that protects the 
retina. However, we also have to con- 
sider that this reversible finding in 
patients with minimal retinal patholog- 
ic conditions may not apply to patients 
with severe retinal pathologic condi- 
tions, such as proliferative diabetic 
retinopathy. The temperature at 
which irrigating solution is most bene- 
ficial in different clinical situations 
needs further, careful study. 
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Words Omitted.—In the case report entitled “Ophthalmic Manifestations of Virus- 
Associated Hemophagocytie Syndrome,” published in the June 1991 issue of the ARCHIVES 
(1991;109:777), three words were inadvertently omitted from the text due to a printer's 
error. The last sentence ofthe legend for Fig 2 should read, “Similar findings were present in 


the left eye." 
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Corneal Choristoma With Microphthalmos 





Clinicopathologic Reports 


Edited by W. Richard Green, MD 


Toshinori Murata, MD; Tatsuro Ishibashi, MD; Yoshitaka Ohnishi, MD; Hajime Inomata, MD- 


e We report two rare cases of corneal 
choristoma with microphthalmos. In both 
cases, the whole thickness of the cornea, 
as well as the anterior chamber and iris, 
was replaced by cutaneous and subcuta- 
neous tissue. In case 1, diagnosed as 
dermoid choristoma, the cutaneous tissue 
contained skin appendages and subcuta- 
neous fibrofatty tissue extended into the 
vitreous cavity. The fibrous mass in the 
cavity contained fragments of retina. In 
case 2, diagnosed as a dermislike choris- 
toma, the cutaneous tissue lacked skin 
appendages. These choristomatous cuta- 
neous tissues hindered normal growth of 
ocular structures, resulting in microph- 
thalmos. Use of computed tomography 
was helpful in evaluating the extent of 
ocular tissue involvement and accompa- 
nying intraocular malformations. 

(Arch Ophthalmol. 1991;109:1130-1133) 


- orneal choristomas are traditionally 
called corneal dermoids. Corneal 
tissue is replaced by a solid mass of 
fibrous tissue covered by histologically 
normal skin. This dermal tissue con- 
sists of keratinizing, stratified, squa- 
mous epithelium with hair follicles and 
pilosebaceous tracts and sometimes 
subcutaneous fibrofatty tissue. Other 
terms describing these histologic fea- 
tures, such as lipo-dermoid, dermo- 
lipoma,” fibro-lipoma', and mesodermal 
metaplasia covered by histologically 
normal skin, have been used. Some 
cases of so-called corneal dermoids 
that lacked hair follicles and piloseba- 
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ceous tracts have been reported, but 
dermoid is not the proper term to 
describe such lesions because when 
used to describe conditions elsewhere 
in the body this term indicates dermal 
tissue with skin appendages. From 
this standpoint, the term coraeal der- 
mis-like choristoma was introduced to 
describe dermal tissue without skin 
appendages by Topilow et al’ and Ber- 
nuy et al.” We report two rare cases of 
corneal choristoma with microphthal- 
mos. One was a corneal dermoid chor- 
istoma, and the other was a corneal 
dermislike choristoma. 


REPORT OF CASES 


CASE 1.—A 2-month-old girl was re- 
ferred to Kyushu University Hospital, Fu- 
kuoka, Japan, because of a protruding mass 
between her right eyelids (Fig 1, left). She 
had no other abnormality, except for a 
coloboma of the right-lower eyelid. She was 
delivered without complications after a nor- 
mal pregnancy, and there was no family 
history of eye disease. Results of computed 
tomographic examination indicated that her 
right eye was microphthalmic; the anterior 
segment was replaced by fat tissue, and the 
lens was absent (Fig 1, right). These find- 
ings suggested that the visual pragnosis for 
her right eye was hopeless. Enueleation of 
her right eye was performed for cosmetic 
and diagnostic purposes. 

The specimen measured 12 mm antero- 
posteriorly, and the anterior segment was 
replaced by a fibrous mass with an outer 
surface lined by keratinizing, stratified, 
squamous epithelium. This lesion contained 
hair follicles, sebaceous glands, and minor 
lacrimal glands. Posteriorly, there was a 
small cystic space with an inner surface 
lined with choroidal tissue, indicating that 
this cystic space was a vitreous cavity. The 
fibrofatty tissue extended into this vitreous 
cavity (Fig 2, top left and təp right). 
Fragments of retinal tissue were found in 
the fibrous mass in the vitreous cavity (Fig 


2, bottom). There was a rudimentary ciliary 
body, but no evidence of a cornea, iris, or 
lens. 

CASE 2.—A 9-month-old girl was re- 
ferred to Kyushu University Hospital be- 
cause of a proptosis of the right eye, which 
had a dermal appearance (Fig 3). Proptosis 
existed at birth and became more severe 
over time. Her left eye was microphthalmic 
and dysplastic. Results of physical examina- 
tion indicated multiple malformations, such 
as ventricular septal defect, diastasis recti 
abdominis, and diaphragmatic hernia. Her 
parents were first cousins. She was deliv- 
ered without complications after a normal 
pregnancy, and there was no family history 
of eye disease. For cosmetic purposes, and 
because the ulceration of the surface of this 
proptosis caused severe pain, her right eye 
was enucleated. 

The specimen measured 19 mm antero- 
posteriorly. The cornea, anterior chamber, 
and iris were replaced by fibrous tissue 
covered with keratinizing, stratified, squa- 
mous epithelium (Fig 4, top). Islands of 
lenticular tissue were found in this fibrous 
mass, but no dermal appendages were 
found (Fig 4, middle). A rudimentary ciliary 
body was noted, and the posterior segment 
seemed to be almost normal, except for the 
focal retinal dysplastic change and rosette 
formation (Fig 4, bottom). 


COMMENT 


Severe corneal choristoma some- 
times hinders the normal development 
of ocular structures, resulting in mi- 
crophthalmos. The earlier the malfor- 
mation occurs during embryonal devel- 
opment, the greater the damage to the 
eye. Mann’ used the term corneal der- 
moid to describe this lesion and intro- 
duced a grading scheme based on the 
depth of corneal involvement and the 
accompanying intraocular malforma- 
tions. Grade I dermoids are the least 
severe and most frequent, and involve 
the corneal surface only, usually at the 
limbus. The rest of the cornea and the 
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Fig 1.—Left, Right eye in case 1 covered with dermal tissue. The palpebral conjunctiva seems normal, and the lower eyelid 
presents a coloboma where eyelashes are missing. Right, Computed tomogram of the orbit in case 1. The right eye is 
microphthalmic. The anterior segment is replaced by fat tissue, and the lens is absent. 





Fig 2.—Top left, Rudimentary vitreous cavity 
and fibrofatty tissue covered with dermal tis- 
sue in case 1. The cornea, anterior chamber, 
iris, ciliary body and lens are missing (hema- 
toxylin-eosin, no magnification). Top right, 
Fibrous tissue replacing the anterior segment 
is covered with keratinizing stratified, squa- 
mous epithelium (between arrows) in case 1. 
A hair follicle (central arrow) is seen (hema- 
toxylin-eosin, original magnification x 2.5). 
Bottom, The retina is intermingled with the 
fibrofatty tissue, which extends into the rudi- 
mentary vitreous cavity, in case 1 (hematoxy- 
lin-eosin, original magnification x 20). 
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appearance fills the palpebral aperture in 
case 2. Acentral umbilication with ulceration 
is seen. 


eye is normal. In grade II dermoids, 
the whole thickness of the cornea is 
replaced by choristoma, but the anteri- 
or chamber is present, and the iris and 
the rest of the eye remain fairly nor- 
mal. In grade III dermoids, the most 
severe dermoids, choristoma replaces 
all the anterior segment of the eye and 
accompanies other ocular malforma- 
tions.' The eyes of grade III patients 
are usually microphthalmic and lack 
anterior chambers, irides and lenses.' 
The malformation of the microph- 
thalmie eye in ease 1 involved not only 
the eornea but also the anterior cham- 
ber, iris, ciliary body, lens, and retina. 
The absence of the lens indicated that 
the malformation of this eye had oc- 
curred before the formation of the lens 
(in an embryo about 4.5 mm long). 
Case 1 was a grade III dermoid. In 
case 2, the cornea was replaced by 
similar choristomatous tissue but 
lacked skin appendages. Henkind et 
al" reported a case of a corneal der- 
moid that lacked skin appendages, but 
Topilow et al’ and Bernuy et al’ con- 
sidered this diagnosis improper be- 
cause a dermoid is a lesion consisting 
of both dermal tissue and skin appen- 
dages. They introduced a diagnosis of 
“dermislike choristoma” to describe 
this kind of lesion. The patient in case 
2 was diagnosed to have corneal der- 
mislike choristoma. In this case, lentic- 
ular tissue was intermingled in the 
fibrofatty tissue, suggesting that mal- 
formation occurred during the forma- 
tion of lens (in an embryo about 12 mm 
long).' We classified case 2 as a grade 
III dermoid, although it showed lentic- 
ular tissue in choristomatous tissue. 
Mansour et al" indicated that corne- 
al choristomas may be associated with 
epidermal nevus syndrome or Golden- 
har’s syndrome. Epidermal nevus syn- 
drome-related corneal choristomas are 
associated with linear epidermal nevus 
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Fig 4.— Top, A fibrous mass replacing the anterior segment in case 2 shows no skin appen- 
dage. The cornea, anterior chamber, and iris are missing. A rudimentary ciliary body is seen, and 
the posterior segment is fairly normal (hematoxylin-eosin). Middle, Islands of rudimentary 
lenticular tissue, surrounded by the lens capsule and epithelium, are contained in this fibrous 
mass in case 2. The lens capsule was involved in this fibrous mass (hematoxylin-eosin, original 
magnification x 20). Bottom, The retina in case 2 shows focal rosette formation in the inner 
nuclear layer (hematoxylin-eosin, original magnification x 20). 
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skeletal, neurologic, or vascular disor- 
der.” Manifestations of corneal choris- 
toma related to Goldenhar’s syndrome 
include auricular, facial, and vertebral 
anomalies." Neither case 1 nor case 2, 
however, met the criteria for diagnosis 
of either syndrome. Clinically, the 
presence of a microphthalmic eye sug- 
gests that the malformation occurred 
early during development and proba- 
bly involved intraocular tissue. The 
eyes in both of our cases were mi- 
crophthalmic and had choristomas in- 
volving intraocular tissue, including 
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A look at the past... 


retinal tissue. The visual prognosis for 
such cases are hopeless, and, if the 
lesion is unilateral, enucleation of the 
eye should be considered. Treatment 
of patients with corneal choristomas 
depends on the pattern of ocular in- 
volvement. In patients with grade I or 
grade II dermoids, malformation is 
restrieted to the cornea, and penetrat- 
ing corneal transplant or lamellar kera- 
toplasty may preserve their vision." 
Patients with grade III dermoids (mi- 
crophthalmic eye), however, have 
hopeless visual prognoses because the 
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presence of the microphthalmic eye 
suggests intraocular malformation 
caused by choristoma. 

Computed tomographic examination 
of the orbits was performed in case 1 
and was helpful in evaluating the size 
of the eye and in revealing intraocular 
malformation. Thus, orbital imaging 
using ultrasonography, computed to- 
mography, and magnetic resonance 
imaging is helpful in determining the 
treatment of corneal choristoma. 
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Diseases of the retina originating in the vessels are due to an abnormal condition either 
of the blood or of the walls of the vessels. In the first case one may have to deal with dis- 
eases of the blood as hyperglobulia (polycythemia), pernicious anemia, leukemia, etc., 
which are so often complicated by retinal hemorrhages, or the blood may contain poison- 
ous substances, whether poisons, strictly speaking, as in the cases of poisoning mentioned, 
or toxins. Such poisons, doubtless, play a great role in many cases of retinitis, for exam- 
ple, in albuminuric retinitis. The blood may also carry corpuscular elements, which may 
form within the blood as clots, obstructing retinal vessels by embolism or thrombosis; or 
these elements may be aliens in the blood, as parasites which in milder cases cause re- 
tinitis septica Roth and in severer cases, a metastatic retinitis terminating in panoph- 
thalmitis. In most cases, the parasites are the ordinary bacteria, such as pneumococcus 
or streptococcus, but in several acute or chronic infectious diseases, it is the specific par- 
asite which causes a metastatic inflammation. Metastatic in a wider sense are the chronic 
inflammations caused by the parasites of tuberculosis and syphilis. The retina has little 
predisposition to tuberculosis, which as a rule is transmitted to the retina only from a 
tuberculous choroiditis. Primary tuberculosis of the retina is rare and occurs most fre- 
quently in young men as tuberculous periphlebitis, revealing itself by recurrent hemor- 
rhages into the vitreous body. On the other hand, the retina is a good medium for spi- 
rochetes, emigrating from the blood into the retina, setting up inflammation. In many 
cases of syphilitic inflammation of the retina the foci are on retinal vessels, and the same 
holds good for tuberculous foci. 


SOURCE: Fuchs E. Classification of retinitis. 
Arch Ophthalmol. 1930;3:400. 
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Retinal Artery Obstruction and Atheromas Associated 
With Non-Hodgkin’s Large Cell Lymphoma 
(Reticulum Cell Sarcoma) 


J. Donald M. Gass, MD, Henry L. Trattler, MD 


èe A 71-year-old woman developed 
branch retinal artery obstruction as the 
presenting manifestation of a large cell 
non-Hodgkin's lymphoma.  Multifocal 
chorioretinal scars were present in the 
same eye. She experienced progressive 
visual loss accompanied by develop- 
ment of multiple yellow retinal arterial 
wall plaques, extension of retinal opacifi- 
cation into other quadrants, and increas- 
ing vitreous cellular infiltration. Clinical 
diagnoses included branch retinal arteri- 
al obstruction caused by toxoplasmosis 
retinitis, multifocal choroiditis and panu- 
veitis simulating the presumed ocular 
histoplasmosis syndrome, vitiliginous 
chorioretinitis, and the acute retinal ne- 
crosis syndrome. Four months after on- 
set, the right eye was blind and was 
enucleated. Histopathologic examination 
revealed extensive lymphomatous infil- 
tration and necrosis of the retina and 
optic nerve. The retinal arteries were 
partly obstructed by lymphomatous infil- 
tration and atheromas. Subsequently, 
the left eye and central nervous system 
were involved by lymphoma. 

(Arch Ophthalmol. 1991;109:1134- 
1139) 


O ne form of large cell non-Hodgkin’s 

lymphoma or reticulum cell sarco- 
ma may be confined to the eye and 
central nervous system (CNS) (ocular- 
CNS lymphoma). It has a predilection 
for invasion of the vitreous and the 
subretinal pigment epithelial space, 
where it may produce large, often con- 
fluent, solid pigment epithelial detach- 
ments." In the former case, it may 
simulate vitritis, and in the latter case, 
metastatic carcinoma or amelanotic 
melanoma. If the lymphoma invades 
the overlying neurosensory retina or if 
it undergoes spontaneous necrosis be- 
forehand, it may cause fundus changes 


Accepted for publication April 10, 1991. 

From the Department of Ophthalmology, Bas- 
com Palmer Eye Institute, University of Miami 
(Fla) School of Medicine. 

Presented at the Verhoeff Ophthalmological 
Society Meeting, Boston, Mass, April 14, 1989. 

Reprint requests to Bascom Palmer Eye Insti- 
tute, PO Box 016880, Miami, FL 33101 (Dr Gass). 


1134 Arch Ophthalmol—Vol 109, August 1991 


that may be mistaken for a variety of 
disorders, including ischemic infarction 
of the retina, acute retinitis (focal, 
multifocal, or diffuse), inactive chorior- 
etinitis (focal, multifocal, or diffuse),” 
and leopard-spot or reticular pigment 
epithelial changes simulating those in 
patients with fundus flavimaculatus" 
and the idiopathic uveal effusion syn- 
drome.” 

The purpose of this report is to 
present the clinical and histopathologic 
findings in a patient to demonstrate 
evidence that ocular-CNS lymphoma 
may (1) mimic several inflammatory 
ocular syndromes, (2) invade and cause 
obstruction of a major branch of the 
retinal arterial tree, and (3) cause reti- 
nal arterial atheromas. 


REPORT OF A CASE 


In March 1987, while watching television, 
a "71-year-old white woman experienced 
sudden loss of the inferonasal and central 
field of vision in the right eye. When seen 
on March 13, 1987, by her local ophthalmol- 
ogist, visual acuity in the right eye was 
20/400. There was retinal whitening and 
boxear segmentation of retinal blood flow in 
the superotemporal quadrant of the right 
eye (Fig 1, top left). In addition to evidence 
of branch retinal artery obstruction, there 
were multifocal chorioretinal lesions, most 
of which were interpreted as inactive in all 
quadrants of the right eye. 

The patient’s medical history included 
coronary artery disease and hypertension. 
Toxoplasmosis was considered as a possible 
cause of the arterial obstruction. Laborato- 
ry tests, however, revealed a toxoplasmosis 
titer of less than 1:10. Indirect fluorescent 
antibody titers were as follows: rubella, 
0.21 (low positive range); cytomegalovirus, 
1.02 (middle positive range); herpes simplex 
type I, 0.60 (low positive range); and herpes 
simplex type II, 0.28 (low positive range). 
Titers to Epstein-Barr virus were as fol- 
lows: capsid IgG, 1:40; early antigen, less 
than 1:10; nuclear antigen, 1:10; and capsid 
IgM, less than 1:10. Complete blood cell 
counts were normal, and the rapid plasma 
reagin was nonreactive. 

The patient received prednisone, 
40 mg/d, by mouth between March 16 and 
April 27, 1987. When she was examined at 
the Bascom Palmer Eye Institute, Miami, 
Fla, visual acuity was 8/200 OD and 20/40 
OS. The pupils were normal. Mild nuclear 


cataracts were present. There were 2+ 
cells in the anterior vitreous of the right 
eye. Ophthalmoscopie examination of the 
right eye revealed swelling of the optic disc 
and thickening and whitening of the retina 
in the superotemporal quadrant. It extend- 
ed almost to the equator (Fig 1, top right 
and center left) Several retinal hemor- 
rhages were present in the area of whiten- 
ing. Numerous various-sized, cireumscribed 
cuffs of yellow material surrounded or in- 
completely surrounded the blood column 
along the superotemporal retinal artery 
(Fig 1, top right). They were most promi- 
nent superior to the papillomacular bundle 
area but were present as far as the periph- 
eral macular area. Their distribution was 
unrelated to the arterial bifurcations. These 
were not present at the time of the initial 
photographie study done 6 weeks previous- 
ly (Fig 1, top left). In all quadrants there 
were dozens of small, sharply circum- 
scribed, yellow-white, subretinal lesions in- 
terpreted as atrophie scars of the pigment 
epithelium and choroid (Fig 1, top right). 
The left fundus showed multiple, small, ill- 
defined drusen in the macula and a single 
small chorioretinal scar at the equator 
nasally. 

Fluorescein angiography of the right eye 
revealed evidence of encroachment on the 
arterial lumen by arterial wall plaques but 
only a slight increase in the retinal circula- 
tion time in the superior temporal quad- 
rant. There was an extensive multifocal 
pattern of staining at the level of the pig- 
ment epithelium and within the retina in 
the superotemporal quadrant (Fig 1, center 
right, bottom left, and bottom right). This 
staining extended into the inferior half of 
the macula. Angiography in the right eye 
showed evidence of focal atrophic lesions of 
the pigment epithelium that were not evi- 
dent ophthalmoscopically. In the left macu- 
la, faint areas of fluorescence were inter- 
preted as drusen. The diagnosis at that 
time was branch retinal arterial occlusion, 
probably embolic, occurring coincidentally 
with either vitiliginous chorioretinitis (bird- 
shot choroiditis) or the multifocal choroidi- 
tis and panuveitis syndrome (pseudo-pre- 
sumed ocular histoplasmosis syndrome). In 
retrospect, the poor visual acuity, the per- 
sistence of retinal whitening in the supero- 
temporal quadrant 6 weeks after the initial 
arterial obstruction, and the unusual pat- 
tern of fluorescein staining that extended 
beyond the distribution of the superotem- 
poral artery made this diagnosis untenable. 

Three weeks later, the patient returned 
because of progressive visual loss in the 
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Fig 1.—Top left, Right eye, March 13, 1987. Note multifocal lesions and the irregular gray lesion (arrow) outside the area of 
distribution of the superotemporal artery. Top right, Right eye, April 27, 1987. Note the multiple arterial plaques (arrows) 
some of which incompletely surround the arterial blood column, and the multifocal peripheral atrophic lesions. Center left, 
Magnified view of top right. Center right, bottom left, and bottom right, Angiograms showing focal obscuration and notching 
(arrows) but minimal obstruction of fluorescein flow by the arterial plaques, and early multifocal and late diffuse staining 
within and beneath the retina as well as staining of the optic nerve head. 


right eye. Her visual acuity in the right eye 
was 1/200. The area of retinal whitening 
and hemorrhages now extended further 
into the inferior fundus. Diagnoses of com- 
bined central retinal artery and vein occlu- 
sion and acute retinal necrosis caused by 
one of the herpetic viruses were considered. 
She developed progressive opacification of 
the media, and by July 16, 1987, the right 
eye was blind and had neovascular glauco- 
ma. Although the left eye was asymptomat- 
ic, multiple atrophic chorioretinal lesions 
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had developed in the peripheral fundus. 

To establish a diagnosis, the right eye 
was enucleated on July 27, 1987. Blood cell 
counts and results of chemistry studies 
were within normal limits except for eleva- 
tion of serum cholesterol level (7.84 mmol/L 
[303 mg/dL]; normal, 0 to 5.15 mmol/L [0 to 
199 mg/dL]) and serum triglyceride level 
(2.71 mmol/L; normal, 0.23 to 2.15 mmol/L). 


The nasal half of the eye was sent for 


electron microscopic and virologic studies. 
Histopathologic examination of the other 
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half revealed anterior chamber angle clo- 
sure caused by iris neovascularization. 
There was extensive necrosis and thicken- 
ing of the retina, which was largely re- 
placed by necrotic large cell lymphoma and 
fibrinous exudate (Figs 2 and 3). The only 
viable tumor in the postequatorial retina 
was that surrounding and infiltrating the 
walls of the large retinal vessels (Figs 4 
through 6). Tumor cells invaded the arterial 
walls and in some areas partly obstructed 
the arteries (Figs 4 and 5). This was most 
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Fig 2.—Histopathologic examination of the right eye. Black straight arrows indicate large 
detachment of the thickened, partly necrotic retina and pigment epithelium by lymphoma cells, 
which are viable only along the inner surface of Bruch's membrane (curved arrows) (see details 
in Fig 3). The open arrow indicates tumor containing thrombus within a branch of the central 
retinal artery. The dark areas within and near the optic nerve head are perivascular viable tumor 
cells within thickened necrotic retina (see details in Figs 4 and 5). The optic nerve (on) is 
replaced by lymphoma (see details in Fig 6) (hematoxylin-eosin, original magnification x 11). 





Fig 3. — Partly viable hyperchromatic lympho- 
ma cells (small arrows) artifactiously de- 
tached from the inner surface of Bruch's 
membrane. Lymphocytes and plasma cells 
(large arrow) are present in the choroid (he- 
matoxylin-eosin, original magnification 
x 440). 


Fig 5.—Occlusion of a branch retinal artery by 
infiltration of its wall by lipid-ladened macro- 
phages and lymphoma (hematoxylin-eosin, 
original magnification x 1100). 
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Fig 4.—Necrotic lymphoma and retina with 
viable lymphoma cells surrounding and infil- 
trating the retinal artery and vein wall. Only a 
small lumen (arrow) remains in the artery (he- 
matoxylin-eosin, ^ original ^ magnification 
x 440). 


evident near the optic dise where the 
branch retinal arterial lumen was narrowed 
by both tumor infiltration of the wall and 
subendothelial infiltration of lipid-laden 
macrophages (Figs 5 and 6). Lymphoma 
cells and red blood cells were present in the 
vitreous near the inner retinal surface. 
Postequatorially, there was massive de- 
tachment of the partly necrotic pigment 
epithelium by necrotic lymphoma (Fig 2). A 
layer of hyperchromatic viable lymphoma 
cells was present along the inner surface of 
Bruch’s membrane (Fig 3). In the periph- 
ery, there was evidence of early invasion of 
the sub-pigment epithelial space by lym- 
phomatous cells. There were scattered ar- 
eas of lymphocytic and plasma cell infiltra- 
tion of the choroid, which was remarkably 
free of tumor cells except for a small area in 


the juxtapapillary choroid. In that area 
they were contiguous with tumor cells in 
the optic nerve, which was almost com- 
pletely replaced by partly necrotic tumor 
that extended to its cut edge (Fig 2). 

The histopathologic diagnoses included 
non-Hodgkin's large cell lymphoma causing 
retinal pigment epithelial detachment, reti- 
nal and optic nerve infiltration and necrosis, 
branch retinal arterial obstruction, second- 
ary retinal arterial atheromas, and neovas- 
cularization of the iris. Electron microscopy 
revealed tumor cells compatible with large 
cell lymphoma. Virologic cultures were 
negative. 

Neurologic and medical examinations, in- 
cluding magnetic resonance imaging studies 
of the brain and left orbit, and lumbar 
puncture were negative for evidence of 
lymphoma elsewhere. Results of visual field 
examination of the left eye were normal. 
During the following year, the patient de- 
veloped multiple, small, atrophic choriore- 
tinal lesions in the left fundus, but the 
visual acuity was unchanged. Fluorescein 
angiography showed focal areas of nonfluo- 
rescence suggesting sub-pigment epithelial 
infiltration, as well as late staining of the 
multiple atrophic lesions (Fig 7). Repeated 
magnetic resonance imaging studies of the 
brain and orbits in January 1988 revealed 
no evidence of lymphoma. 

In May 1988 the patient developed a right 
hemiparesis and dysarthria. Computed to- 
mography of the brain revealed a focal 
lesion compatible with lymphoma in the 
white matter of the left parietal region. She 
received cobalt 60 whole-brain irradiation 
for a total of 55 Gy given over a period of 53 
days. No radiation was given to the left 
eye. This treatment was supplemented with 
prednisone, 100 mg/d; chlorambucil (Leu- 
keran), 28 mg/d, was advised but had to be 
stopped after 3 days because of intolerance. 
Within 1 month the hemiparesis and dys- 
arthria were no longer present. A re- 
peated computed tomographic scan of the 
brain showed that the parietal lesion was 
smaller and more dense. The patient subse- 
quently developed generalized weakness 
and difficulty with walking that were attrib- 
uted to steroid myopathy. On March 2, 
1989, visual acuity in the left eye was 20/40. 
The cataract was unchanged. There were 
several additional focal chorioretinal scars 
and, in some areas, confluence of previously 
noted sears. Vitreous cells were no longer 
evident. On October 4, 1989, the visual 
acuity in the left eye was 20/50. There was 
evidence of increasing vitreous opacities 
and 1+ vitreous cells. The retina was un- 
changed. Irradiation treatment to the left 
eye was considered but was not done. Mag- 
netic resonance imaging of the brain and 
orbits done in December 1989 showed evi- 
dence of extensive tumor infiltration of both 
parietal lobes. The patient died in January 
1990. 


COMMENT 


Several forms of lymphoma may af- 
fect the eye. The most common is the 
ocular-CNS form, which is usually con- 
fined to the eye and CNS. It may 
produce a pathognomonic ophthalmo- 
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lymphoma and retina. Arrows indicate narrowed lumina. Bottom left and bottom right, Higher-power views of top left and top 
right (hematoxylin-eosin, original magnification x 440 [top] and 1100 [bottom]). 


Fig 7.— Left eye, April 1988. Angiograms showing staining of multifocal atrophic lesions throughout the fundus. The 
hypofluorescent spots in the macula (arrows) may represent focal areas of sub-pigment epithelial infiltration by lymphoma 


cells. 


scopic picture of multiple large lym- 
phomatous detachments of the retinal 
pigment epithelium (RPE) accompa- 
nied by lymphomatous cellular infiltra- 
tion of the vitreous of one or both 
eyes." Another reticuloendothelial or 
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systemic form affects the other organ 
systems and only infrequently involves 
the eye and brain. When the eye is 
affected, the lymphomatous infiltration 
occurs primarily in the uveal tract, 
particularly its anterior part, where it 
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causes a clinical picture simulating iri- 
docyclitis. Less often it may cause a 
peculiar, often monocular, fundus pic- 
ture simulating fundus flavimacula- 
tus." The ocular presentation typical of 
systemic lymphoma occasionally occurs 
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Stage of Infiltration 
Vitreous infiltration 


Early sub-retinal pigment 
epithelium (RPE) infiltration 



























sarcoidosis 











Advanced sub-RPE infiltration 



















Presumed diffuse 
nonelevated sub-RPE 
infiltration"? 









Retinal invasion with retinal 
vascular obstruction 


toxic reaction 











Optic nerve invasion 
Anterior 


carcinoma 






Posterior 






in patients with only CNS involve- 
ment, and likewise fundus lesions typi- 
cal of ocular-CNS lymphoma may oc- 


cur in patients with systemic 
involvement. Two less common forms 
of ocular lymphomas are angioendothe- 
liomatosis" and the so-called reactive 
lymphoid hyperplasia of the uveal 
tract, which is now considered by some 
to be a very low-grade B-cell lympho- 
ma." 

Ocular-CNS lymphoma usually ini- 
tially infiltrates the vitreous and is 
mistaken for vitreous inflammation or 
posterior uveitis. This is often followed 
by multicentric areas of lymphomatous 
proliferation within the sub-pigment 
epithelial space, frequently in the mid- 
peripheral areas of the fundus. This 
initially produces multiple, small, yel- 
low-white, placoid subretinal lesions 
that appear identical to focal areas of 
choroiditis. When they expand into 
globular or blisterlike solid elevations 
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Diseases Simulated by 
Infiltrative Lesions 


Vitritis, posterior uveitis 


Multifocal choroiditis, multifocal 
choroiditis and panuveitis 
syndrome (pseudo- 
presumed histoplasmosis 
syndrome [P-POHS)]), 
vitiliginous (birdshot) 
chorioretinitis, diffuse 
unilateral subacute 
neuroretinitis (DUSN), '? 
multiple evanescent 
white-dot syndrome, acute 
posterior multifocal placoid 
pigment epitheliopathy, 
Pneumocystis choroiditis, 


Metastatic carcinoma, 
amelanotic melanoma, 
Nocardia chorioretinitis, 
Pneumocystis choroiditis 


Fundus flavimaculatus, 
idiopathic uveal effusion 
syndrome, bilateral diffuse 
uveal melanocytic 
proliferation syndrome 


Acute retinitis (eg, toxoplas- 
mosis, herpesvirus [acute 
retinal necrosis syndrome], 
nocardiosis, subacute 
sclerosing panencephalitis), 
embolic or atheromatous 
retinal artery occlusion, 
combined retinal artery and 
vein occlusion, gentamicin 


Papillitis, juxtapapillary 
chorioretinitis, juxtapapillary 
choroidal neovascularization, 
cryptococcosis, metastatic 


Retrobulbar neuritis, other optic 
nerve or tract compressive 
or infiltrative disease 








Diseases Simulated by 
Spontaneously Regressed 
Lesions 
Similar or normal 


Presumed ocular histoplasmosis 
syndrome, P-POHS, vitiliginous 
chorioretinitis, DUSN, 
serpiginous chorioretinitis 



















Geographic or gyrate atrophy 
RPE, inactive chorioretinitis, 

serpiginous choroiditis, leutic 
chorioretinitis 


Same 





Same as in advanced sub-RPE 
infiltration 


Optic atrophy 


of the RPE, they produce a fundus 
picture diagnostic of ocular-CNS lym- 
phoma. Even at this stage of exten- 
sive sub-RPE tumefaction, the tumor 
may be confined to the sub-RPE space 
and the vitreous.” In some cases, how- 
ever, the lymphomatous infiltration 
extends through the RPE into the 
overlying retina and produces white 
intraretinal lesions overlying the yel- 
lowish, finely speckled RPE detach- 
ments. If retinal invasion occurs early, 
the tumor may obscure the underlying 
RPE detachment, and the retinal whit- 
ening may be mistaken for acute necro- 
tizing retinitis similar to that seen in 
toxoplasmosis. As the lymphoma ex- 
tends into the inner half of the retina, 
capillaries may be disrupted, causing 
focal intraretinal hemorrhages. This, 
together with the retinal whitening 
produced by the tumor and accompa- 
nying coagulative necrosis, may simu- 
late acute retinitis caused by the her- 


petic viruses, including that seen in the 
acute retinal necrosis syndrome. The 
lymphomatous infiltrate is prone to 
devitalization and necrosis as it ex- 
pands beneath the RPE or after retinal 
invasion and encroachment on the local 
retinal circulation. 

An unusual clinical feature of ocular- 
CNS lymphoma is the predilection for 
both small and large sub-RPE tumors 
to undergo complete spontaneous ne- 
crosis and resolution.”* Their early dis- 
appearance causes multifocal, small, 
round or oval, atrophic, gray or white 
scars in the RPE. Later resolution of 
large sub-RPE tumors leaves large 
geographic zones of RPE atrophy and 
fibrous metaplasia.” In either case, the 
RPE scars may be incorrectly attribut- 
ed to an inflammatory, degenerative, 
or dystrophic cause. 

The patient in this report demon- 
strated most of these complications of 
ocular lymphoma. It is probable that 
early extension of the lymphoma from 
beneath the RPE into the retina in 
multifocal areas in the superotemporal 
quadrant of the right eye caused not 
only the retinal artery obstruction but 
the atypical distribution of retinal 
whitening, the retinal hemorrhages, 
and the angiographic finding of large 
multifocal areas of staining at the level 
of the pigment epithelium and within 
the retina, all atypical findings for 
ischemic retinal infarction caused by 
embolic occlusion of a retinal artery. 
The retinal whitening was sufficient to 
obscure the underlying sub-RPE tu- 
mor infiltration that was evident histo- 
pathologically. Progressive tumor infil- 
tration of the neighboring retina led to 
the diagnoses of combined central reti- 
nal artery and vein occlusions and the 
acute retinal necrosis syndrome. Of 
interest in this patient was the fact 
that the tumor not only invaded the 
retina but early in the course en- 
croached on and caused obstruction of 
the superotemporal retinal artery. It 
was this latter event that caused the 
patient’s initial symptom of acute visu- 
al loss. The obstruction of arterial 
blood flow that was sufficient to pro- 
duce a boxcar formation at the time of 
her initial examination, when no yel- 
low arterial wall plaques were present, 
was only mild by the time angiography 
was done 6 weeks later, when multiple 
arterial plaques had developed. The 
mechanism of the initial obstructive 
event is uncertain but may have in- 
volved vascular spasm and transient 
intra-arterial thrombosis caused by in- 
vasion of the artery wall by the lym- 
phoma. It is unlikely that the initial 
obstruction of the artery or subse- 
quent development of atheromas was 
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caused by emboli from the proximal 
arterial system. We postulate that the 
plaques were caused by the following 
sequence of events: (1) multifocal areas 
of damage to the arterial endothelium 
caused by lymphomatous infiltration, 
(2) passage of serum lipids into the 
arterial wall, and (8) macrophage re- 
sponse and atheroma formation. Simi- 
lar yellow arterial wall plaques, some- 
times referred to as  Kyrieleis 
periarterial plaques," may develop af- 
ter focal retinal arterial damage, pre- 
sumably caused by immune complexes 
in patients with toxoplasmosis retini- 
tis," and in patients with the idiopathic 
recurrent branch retinal artery syn- 
drome." Plaques may also develop 
near the site of focal retinal arterial 
wall damage caused by emboli, usually 
at sites of arterial bifurcation, or at 
sites of arterial wall weakness proxi- 
mal to a macroaneurysm. In both of 
these latter conditions, stagnation of 
blood flow, in addition to a focal arteri- 
al wall defect, is probably important in 
allowing the subepithelial accumula- 
tion of lipid and atheromatous forma- 
tion. Systemically, atheromatous dis- 
ease primarily affects large and 
medium-sized arteries. Retinal artery 
atheromas rarely develop spontane- 
ously even in patients with evidence of 
severe atheromatous disease else- 
where. When it occurs, however, it 
may involve the artery as far as the 
third and fourth branchings of the ar- 
tery.” When examined histopathologi- 
cally, the atheromatous plaques seen 
ophthalmoscopically may require spe- 
cial stains for fat to demonstrate the 
nature of the arterial wall thickening.” 
In our case, the presence of multiple 
lipid-laden macrophages in the suben- 
dothelial area was evidence of a more 
advanced stage of atheromatous devel- 
opment. The patient's mild hypercho- 
lesterolemia may have contributed to 
their prominence. 

The subject of this report demon- 
strates that ocular-CNS lymphoma can 
exhibit a variety of growth patterns 
occurring simultaneously in the same 
patient and that these patterns may be 
different in the two eyes. At the same 
time that the tumor was showing ag- 
gressive infiltration and destruction of 
the retina and optic nerve head of the 
right eye, it was displaying multifocal 
small areas of subclinical limited 
growth and spontaneous resolution be- 
neath the pigment epithelium through- 
out the fundus of the right eye and 
subsequently in the left eye. This cre- 
ated multifocal areas of pigment epi- 
thelial atrophy simulating that seen in 
the presumed ocular histoplasmosis 
syndrome, the multifocal choroiditis 
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and panuveitis syndrome," and diffuse 
unilateral subacute neuroretinitis." Af- 
ter enucleation of the right eye, the 
atrophie lesions continued to develop 
in the left eye. Although we were 
confident that they were being caused 
by the lymphoma, the physicians in- 
volved in her care were reluctant to 
recommend radiation treatment as 
long as the visual function was not 
affected or threatened by active prolif- 
eration of the tumor and as long as 
there was no spinal fluid or computed 
tomographic evidence of CNS involve- 
ment. While the ultimate prognosis in 
ocular-CNS lymphoma is poor,’ many 
patients may be relatively symptom 
free for months or years. The tumor 
responds promptly to irradiation treat- 
ment,” but it is uncertain whether this 
treatment shortens the natural course 
of the disease. Irradiation may occa- 
sionally be the cause of CNS” and 
ocular” complications. 

This case illustrates that ocular- 
CNS lymphoma is a great imitator and 
that it should be considered in the 
differential diagnoses of acute retinal 
arterial obstruction, acute retinal ne- 
crosis of viral or protozoan cause, and 
active as well as inactive multifocal 
choroiditis (Table). The progressive 
development of small atrophic lesions 
in the left eye of our patient demon- 
strated the insidious way the lympho- 
ma can continue for months to mas- 
querade as multifocal choroiditis. 

Since preparation of this manu- 
script, we have seen two additional 
patients with retinal arterial obstruc- 
tion as an early manifestation of ocu- 
lar-CNS lymphoma. One had multiple 
arterial plaques in the area of retinal 
infiltration and arterial obstruction; 
the other patient, who had acquired 
immunodeficiency syndrome,  pre- 
sented because of acute branch retinal 
arterial occlusion overlying a large 
zone of irregular solid detachment of 
the RPE and retinal infiltration. No 
arterial plaques were present. Mag- 
netic resonance imaging of the brain 
revealed evidence of lymphoma that 
was confirmed by biopsy. The masses 
in the affected eye rapidly disappeared 
after radiation treatment. One of us 
(J.D.M.G.) has recently seen a patient 
who presented elsewhere with monoc- 
ular vitreous cells and multifocal small 
subretinal gray white lesions misdiag- 
nosed as the multiple evanescent white 
dot syndrome. Within several months 
she developed massive confluent areas 
of sub-RPE infiltration typical for ocu- 
lar-CNS lymphoma. 
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Modulation of Corneal Wound Healing After Excimer Laser 
Keratomileusis Using Topical Mitomycin C and Steroids 


Jonathan H. Talamo, MD; Subba Gollamudi, MD; W. Richard Green, MD; Zenaida De La Cruz: Vadim Filatov, MD; Walter J. Stark, MD 


e A 193-nm excimer laser system was 
used to create deep stromal ablations in 
seven New Zealand white rabbits and 
shallow ablations in three. Eyes were 
randomized for treatment with topical 
mitomycin C, steroids, and erythromy- 
cin; topical steroids and erythromycin; 
or topical erythromycin only. All treat- 
ment regimens were instituted twice dai- 
ly for 14 days. All eyes reepithelialized 
normally within 3 to 5 days. During 10 
weeks of follow-up, all eyes developed 
moderate reticular subepithelial haze 
without significant differences among 
treatment groups. Results of light, fluo- 
rescence, and electron microscopic ex- 
amination showed anterior stromal scar- 
ring and markedly reduced new 
subepithelial collagen formation in the 
group treated with mitomycin C, cortico- 
steroids, and erythromycin. Focal abnor- 
malities of Descemet’s membrane and 
endothelial abnormalities were present 
in all treatment groups. Combination 
therapy with topical steroids, mitomycin 
C, and erythromycin to control the corne- 
al wound healing response after refrac- 
tive laser surgery appears promising and 
warrants further study. 

(Arch Ophthalmol. 
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As the technology of photorefractive 

keratectomy with the 193-nm ex- 
cimer laser has evolved, the major 
obstacle to further clinical application 
has been the control of two aspects of 
postoperative corneal wound healing. 
The first problem is subepithelial haze 
in the visual axis. Despite technical 
refinements to modify laser energy 
delivery, the optical clarity of ablated 
corneas varies, although it appears to 
improve over time.’” The second prob- 
lem is the predictability and stability of 
the refractive result. Studies in pri- 
mates and humans of hyperopie and 
myopic ablations document that an ini- 
tial overcorrection occurs, followed by 
approximately 30% loss of effect over 
time when corrections of 3 diopters (D) 
or greater are attempted.^^' We found 
that deeper ablations result in more 
regression of refractive effect. It is 
likely that both corneal haze and the 
refractive result are largely deter- 
mined by the extent of new subepithe- 
lial collagen production and remodeling 
in the wound bed. Epithelial hyperpla- 
sia may also influence the refractive 
result, but recent work by Fantes and 
colleagues’ indicates that the epithelial 
changes are transient. Marshall and 
colleagues' found that ablations deeper 
than 60 um in monkeys produced haze 
that persisted for 6 to 8 months. Good- 
man and colleagues' found that the 
depth of the stromal ablation and 
sharpness of the wound profile corre- 
lated with increasing corneal haze and 
new collagen production. Tuft and col- 
leagues' observed that stromal haze 
and subepithelial collagen production 
in rabbits could be reduced with topical 
steroid therapy. 


Considering these observations, we 
performed clinical, histopathologic, 
and ultrastructural analyses to deter- 
mine the influence of topical corticoste- 
roid and mitomycin C therapy on cor- 
neal wound healing after excimer laser 
keratomileusis (large-area surface ab- 
lation) in a rabbit model. To ensure a 
sufficient wound healing response in all 
eyes and, thus, permit distinction of 
potential effects among treatment reg- 
imens, deep stromal ablations were 
performed in all eyes. 


MATERIALS AND METHODS 


Ten New Zealand white rabbits were 
anesthetized before surgery with intramus- 
cular injections of a 1:1 mixture of ketamine 
hydrochloride (40 mg/kg of body weight) 
and xylazine hydrochloride (7 mg/kg of body 
weight). All animals were handled and 
cared for as specified by The Johns Hopkins 
University Committee on Animal Care, 
which approved the experimental protocol. 
Eyes were examined to evaluate corneal 
clarity, and retinoscopy was performed. 
Both eyes of seven animals then received 
identical laser ablations and were assigned 
to one of three treatment protocols. Three 
animals received shallower ablations, the 
effects of which were evaluated in a sepa- 
rate study, and the unoperated corneas of 
the fellow eyes of these animals, which did 
not undergo surgery, were used histologi- 
cally as control specimens in this study. 
Thus, 17 eyes were used in this study. 

A 193-nm argon fluoride excimer laser 
(Twenty-Twenty Excimer Laser System, 
VISX Ine, Sunnyvale, Calif) was used. 
Fluence was set at 160 mJ/cm^, and the 
ablation rate at 5 Hz. The machine was 
calibrated before each use. A computer- 
controlled iris diaphragm centered in the 
beam path was used to perform 5.0-mm 
diameter, dish-shaped (myopic), central 
corneal ablations with a central depth of 


Corneal Wound Healing—Talamoetal 1141 





E "PN 










and erythromycin 


erythromycin 








* Had shallower ablations. Treatment lasted 7 days. 


2 Mitomycin C, dexamethasane, and 


Dexamethasone and erythromycin 
Dexamethasone and erythromycin 





Table 1.—Pairing of Treatment 
No. of 
Animals OD OS 


Mitomycin C, dexamethasone phosphate, 


Erythromycin 







Dexamethasone and erythromycin 


Erythromycin 
None 


Table 2.—Postoperative Dioptric Changes at Retinoscopy After Creation of Deep 
Stromal Ablation * 


Treatment 
(No. of Eyes) 


Mitomycin C, steroids, and 
erythromicin (4) 

Steroids and erythromicin (5) 

Erythromycin (5) 


Range, D 
+6.5-+11.5 


+3.5-+8.5 
+4.5-+9.75 





* Excludes eyes in which shallower ablations were made. 


Table 3.— Number of Eyes With Subepithelial Scar Formation * 


Degree of 
Scar Formation 
Severe 
Moderate 


Group 1 


Mild 
None 





* Group 1 received mitomycin C, steroids, and erythromycin; group 2, steroids and erythromycin; and group 


3, erythromycin only. 


140 jum (540 pulses) This method uses a 
240-step closure of the diaphragm as previ- 
ously described by Munnerlyn and col- 
leagues." The corneal epithelium was not 
removed, and the surface was meticulously 
dried with cellulose sponges immediately 
before treatment. A change in the light 
reflex at the epithelial-stromal interface 
was noted at an ablation depth of approxi- 
mately 40 jum in all treated eyes. Thus, the 
maximal central stromal ablation depth was 
100 um. 

Immediately after ablation, eyes were 
irrigated with sterile 0.9% saline solution 
and a drop of fresh 0.5% ditriazyl amino- 
fluoreseein (DTAF) buffered in 0.2-mol/L 
sodium bicarbonate as described by Davi- 
son and Galbavy." Eyes were then random- 
ized to one of three treatment protocols: 
mitomycin C (0.5 mg/mL), dexamethasone 
phosphate (0.05% ointment), and erythro- 
myein (0.596 ointment) (four eyes); dexa- 
methasone and erythromycin (five eyes); or 
erythromycin only (five eyes) All treat- 
ments were administered twice daily for 
14 days, beginning on the first day after 
surgery. A fourth group (three eyes) re- 
ceived no laser treatment (control group), 
but did receive topical DTAF and one dose 
of erythromycin. Table 1 summarizes the 
treatment regimens of all eyes of all animals 
in the study. The mitomycin eyedrops were 
freshly prepared under sterile conditions 
from a commercially available injectable 
solution using distilled water as the diluent. 
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Group 2 Group 3 


Standard commercial preparations of ste- 
roid and erythromycin were used. Care was 
taken always to instill the mitomycin drops 
before administration of ointments. 

All eyes were examined daily until ree- 
pithelialization and weekly thereafter. Ten 
weeks after surgery, animals were anesthe- 
tized and examined to grade corneal haze 
and determine refractive error using cyclo- 
plegie retinoscopy. Corneal haze was grad- 
ed as defined by Fantes and colleagues: 0.5 
indieates trace haze seen with careful 
oblique illumination with slit-lamp biomi- 
croscopy; 1+, more prominent haze that 
does not interfere with visibility of fine iris 
details; 2+, mild obscuration of iris details; 
3+, moderate obscuration of the iris and 
lens; and 4+, completely opaque stroma in 
the area of ablation. Slit-lamp photographs 
were obtained and the animals killed. 

Topical 1% glutaraldehyde in 0.1-mol/L 
phosphate-buffered saline (pH 7.2) was 
then applied. Eyes were immediately enu- 
cleated and briefly kept in the same fixative 
solution before excising the corneoscleral 
rim. Half of each specimen was processed 
for light microscopy and embedded in glycol 
methacrylate (JB-4 resin, Polysciences Inc, 
Warrington, Pa). Sections were stained 
with hematoxylin-eosin or left unstained for 
fluorescence microscopic examination. 

The other half of each cornea was pro- 
cessed for transmission electron microscopy 
with secondary fixation in 2.5% glutaralde- 
hyde for 2 hours, washing in phosphate 








Fig 1.—Wide-beam, slit-lamp photograph 
demonstrates 2+ corneal haze 10 weeks af- 
ter excimer laser keratomileusis in an eye 
treated postoperatively with erythromycin. 
The haze is most marked in the midperiphery 
of the area of ablation. 


buffer, and postfixation in 2% osmium te- 
troxide for 2 hours. Further processing 
included standard dehydration and embed- 
ding in epoxy resin. One-micrometer sec- 
tions were stained with uranyl acetate-lead 
citrate. 


RESULTS 
Clinical Course 


All eyes reepithelialized completely 
within 5 to 7 days. A diffuse, reticular, 
subepithelial haze appeared in the area 
of ablation within 14 to 21 days in all 
eyes. All eyes had at least 1+ to 2+ 
haze by the 10th week, when the ani- 
mals were killed (Fig 1). One eye in the 
group receiving erythromycin only had 
3+ haze. No significant differences 
among groups were observed. 

The mean dioptric changes at reti- 
noscopy from the preoperative date to 
the 10th week are shown for each 
group in Table 2. Using Fisher Exact 
Test, no statistically significant differ- 
ences among groups existed, but there 
was a slight trend toward preservation 
of a flattening effect in those eyes 
treated with mitomycin C, corticoste- 
roids, and erythromycin. It should be 
noted that, because of corneal haze, 
the retinoscopic reflex in some eyes 
was suboptimal. 


Histopathologic Findings 


Light microscopy disclosed mild to 
moderate epithelial irregularity and 
thickening at the wound margins in all 
groups. The amount of subepithelial 
scarring was graded blindly without 
knowledge of postoperative therapy 
and classified as none, mild, moderate, 
or severe. Results are summarized in 
Table 3. Eyes receiving steroids, mito- 
mycin C, and erythromycin demon- 
strated little or no scarring, while 
those receiving erythromycin only dis- 
played a stronger wound healing re- 
sponse. Eyes treated with steroids and 
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Fig 2.—Comparisons of subepithelial scar formation. Top left, Very mild wound-healing response in the 
center of the ablation after treatment with mitomycin C, steroids, and erythromycin. Mild epithelial 
irregularity and increased density of anterior stromal keratocytes is also evident (hematoxylin-eosin, 
original magnification x 65). Top right, Fluorescence microscopy shows minimal subepithelial collagen 
production (dark material between epithelium and stroma [arrows]) after application of ditriazyl amino- 
fluorescein at surgery (original magnification x 140). Middle left, Moderate epithelial thickening and mild 
diffuse superficial scarring with focal areas of increased anterior stromal keratocyte density after treat- 
ment with steroids and erythromycin (hematoxylin-eosin, original magnification x 140). Middle right, 
Fluorescence microscopy shows new collagen production (arrows) more prominent than that seen in Fig 
2, top right (original magnification x 140). Bottom left, Mild epithelial irregularity overlying diffuse, 
moderate to marked subepithelial hypercellular scar tissue formation in this eye treated with erythromycin 
(hematoxylin-eosin, original magnification x 190). Bottom right, Fluorescence microscopy better defines 
this area (hypofluorescent material) and demonstrates interdigitations between native stroma (fluores- 


cent material) and new scar tissue in the wound bed. Treatment was with erythromycin (original 
magnification x 200). 


erythromycin developed intermediate 
healing responses compared with those 
of the other two treatment groups. 
Fluorescence microscopy of un- 
stained sections allowed qualitative as- 
sessment of the amount of new colla- 
gen production in the wound bed, 
which correlated well with the findings 
observed in hematoxylin-eosin-stained 
sections. Figure 2 is a composite of 
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light and fluorescence micrographs il- 
lustrating the differences in the anteri- 
or stromal wound healing response 
among treatment groups. 

The stromal thickness from the cen- 
ter of each lesion was measured using 
the light microscope, and the mean 
values of all groups are listed in Table 
4. Statistical analysis using Wilcoxon's 
rank sum test showed significant dif- 


ferences between eyes treated with 
mitomycin C, steroids, and erythromy- 
cin and those of both other groups 
(P<.032). No statistically significant 
difference in stromal thickness was 
noted between the other two groups of 
ablated corneas compared with each 
other or with the control group 
(P>.072). 

The middle and posterior stroma of 
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Table 4. Stromal Th okness 


Mean, Range, 
Treatment um um 


Mitomycin, steroids, 200-220 
and erythromycin 

Steroids and 
erythromycin 

Erythromycin 

None 


250-350 


220-350 
350-400 





Fig 3.—Abnormal Descemets line. An eosin- 
ophilic line (arrow) in the posterior one-third of 
Descemets membrane (arrowheads) be- 
neath the area of ablation. This line fades 
near the wound margin (hematoxylin-eosin, 
original magnification x 40). 


animals in all groups was normal, but 
in 6096 to 7596 of all eyes a thin, 
abnormal line was visible in the poste- 
rior aspect of Descemets membrane 
beneath the area of ablation. These 
lines were eosinophilic in hematoxylin- 
eosin-stained sections (Fig 3) and 
slightly hypofluorescent on fluores- 
cence microscopy. 

The endothelium was normal in most 
specimens, but one cornea treated 
with steroids, mitomycin C, and eryth- 
romycin had two foci of proliferation 
associated with aberrant, redundant 
duplication of basement membrane un- 
der the ablation zone. 


Transmission Electron Microscopy 


Ultrastructural findings were simi- 
lar among all groups. The basal epithe- 
lium was attached by junctional densi- 
ties to continuous basement membrane 
interspersed with focal areas where 
basement membrane was absent. At 
the margins of some of these areas, 
there were scrolls of redundant, ran- 
domly oriented basement membrane. 
The posterior cell border of the basal 
epithelium contained scattered vacu- 
oles in areas without basement mem- 
brane (Fig 4, top). Large numbers of 
amorphous, electron-dense deposits 
that probably represented collagen fi- 
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Fig 4. — Epithelial-stromal interface. Top, No basement membrane is present along the base of 
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the epithelium. Areas of redundant basement membrane (arrows) are present along infoldings 
of the epithelium. Vacuolar changes (asterisk) are present in some epithelial cells (original 
magnification x 6000). Bottom, Higher-power view of basement area (arrow) with a well-defined 
lamina densa and lamina lucida and epithelial cells with junctional densities (arrowheads) on 
both sides. The randomly distributed electron-dense particles in the subepithelial space are 
polyribosomes from a disrupted epithelial cell (original magnification x 60 000). 


brils were  diffusely distributed 
throughout the subepithelial space, 
and the underlying anterior stromal 
collagen fibrils were moderately disor- 
ganized and enlarged, measuring up to 
35 nm in diameter (Fig 4, bottom). The 
anterior stroma had increased num- 
bers of fibroblasts, mamy of which 
showed highly active, rough, endoplas- 
mic reticular or vacuolar changes (Figs 
5 and 6). Rare chronic mflammatory 
cells were also present. 

The middle and posterior stroma ap- 
peared normal, except for vacuolar 


changes in a minority of keratocytes. 
The ultrastructure showed the abnor- 
mal Descemet’s line to consist of a 
linear and unilaminar, bilaminar, or 
trilaminar band of electron-dense 
granular material posterior to the area 
of ablation (Fig 7). The endothelium 
showed degenerative changes of va- 
cuolization and disorganization of the 
intracellular contents (Fig 7). 


COMMENT 


With its ability to precisely remove 
tissue from the anterior corneal sur- 
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Fig 5.—Anterior stroma with increased number of fibroblasts that have Fig 6.—Anterior stroma with irregular arrangement of collagen bun- 
increased amounts of rough endoplasmic reticula (arrow, original dies and numerous fibrocytes, some of which have vacuoles (arrow, 


magnification x 6000). 


face with minimal disruption of the 
underlying stroma, excimer laser kera- 
tomileusis holds great promise for the 
attainment of accurate, predictable re- 
sults in refractive surgery. Numerous 
technical advances in the design of 
argon fluoride lasers and their delivery 
systems have occurred since the con- 
cept of photorefractive keratectomy 
was introduced by Trokel and col- 
leagues" 8 years ago. Although the 
wound healing response after excimer 
keratomileusis has been extensively 
studied, the potential for pharmacolog- 
ic modulation of this response remains 
to be investigated. If the structural 
and biological responses of the cornea 
could be carefully controlled after re- 
fractive surgery, both optical clarity 
and the stability of the ultimate refrac- 
tive result might be improved. 

Only preliminary data on the effects 
of administratin of steroids after ex- 
cimer keratomileusis have been pub- 
lished. In a rabbit model, Tuft and 
colleagues’ have shown that postopera- 
tive steroid treatment reduces both 
stromal haze and the thickness of the 
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original magnification x 9100). 


Fig 7.— Ultrastructural appearance of abnormal Descemets line shows a discontinuous elec- 
tron-dense band of granular material (arrow and inset) corresponding to the eosinophilic line 
seen using light microscopy. The underlying endothelium is mildly vacuolated (original magnifi- 
cation x 60 000; inset, original magnification x 6000). 
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subepithelial new collagen layer. Tay- 
lor and colleagues" found that steroid 
treatment in one human patient was 
associated with more persistence of 
stromal thinning than in the other nine 
patients in their series. Seiler and col- 
leagues,” in a study of 10 blind and 13 
sighted eyes, found that the intensity 
of postoperative topical steroid thera- 
py could minimize corneal haze and 
that loss of refractive effect followed 
discontinuation of medication. 
The use of a rabbit model in our study 
precluded the collection of highly accu- 
rate data concerning changes in the 
refractive state of the eyes studied, 
but the anterior stromal wound healing 
response of rabbits has many similar- 
ities to that of the human cornea. 
Based on data from earlier studies," 
the depth of stromal ablation used in 
our study should have reliably pro- 
duced a significant degree of clinical 
haze and new collagen synthesis. Thus, 
it might be easier to distinguish the 
effects of differing drug regimens. 

Although all treatment groups had 
similar clinical appearances, histopath- 
ologic differences strongly indicate 
that steroids and mitomycin C inhibit- 
ed subepithelial collagen synthesis in 
an additive fashion. Each treatment 
group was small, but this effect of 
steroids and mitomycin C is corrobo- 
rated statistically when mean stromal 
thickness is compared among groups. 
Because of the small sample groups in 
this study, it is difficult to ascertain 
whether systemic absorption of medi- 
cation may have affected outcome. 
However, distinct clinical or histopath- 
ologic differences among eyes in a 
treatment group were not observed. It 
should be noted that all animals re- 
ceived steroid therapy in at least one 
eye. 

It is unclear why one eye in the 


1. Hanna KD, Pouliguen Y, Waring GO, et al. 
Corneal stromal wound healing in rabbits after 193- 
nm excimer laser surface ablation. Arch Ophthal- 
mol. 1989;107:895-901. 

2. Taylor DM, L’Esperance FA, Del Pero RA, et 
al. Human excimer laser lamellar keratectomy: a 
clinical study. Ophthalmology. 1989;96:654-664. 

3. Fantes FE, Hanna KD, Waring GO, et al. 
Wound healing after excimer laser keratomileusis 
(photorefractive keratectomy) in monkeys. Arch 
Ophthalmol. 1990;108:665-675. ` 

4. McDonald MB, Frantz JM, Klyce SD, et al. 
One-year refractive results of central photorefrac- 
tive keratectomy for myopia in the nonhuman pri- 
mate cornea. Arch Ophthalmol. 1990;108:40-47. 

5. McDonald MB, Shofner S, Klyce SD, et al. 
Clinical results of central photorefractive keratec- 
tomy with the 193 nm excimer laser for the treat- 
ment of myopia: the Blinid Eye Study. Invest 
Ophthalmol Vis Sci Suppl. 1989;30:216. 

6. Del Pero RA, Gigstad JE, Roberts AD, et al. 
A refractive and histopathologic study of excimer 


1146 Arch Ophthalmol — Vol 109, August 1991 


group treated with erythromycin only 
developed marked (3--) corneal haze. 
This could have been due to the lack of 
postoperative anti-inflammatory 
agents or perhaps to an idiosyncratic 
response. No untoward complications 
were observed before or after surgery. 

The abnormalities observed in Des- 
cemets membrane and the endotheli- 
um through both light and electron 
microscopy were similar to those ob- 
served ultrastructurally by Hanna and 
colleagues. On immunofluorescence 
staining, they also found increased 
amounts of fibronectin, laminin, and 
proteoglycans in these areas, postulat- 
ing that the electron-dense material 
was produced by a distressed endo- 
thelium. ` 

Zabel and colleagues“ measured the 
acoustic shock wave in the posterior 
stroma of bovine corneas to be 100 atm 
during large-area ablation with the 
193-nm excimer laser. They observed 
endothelial damage only after 85% of 
the corneal thickness was ablated. 
Dehm and colleagues” found similar 
changes after linear corneal incisions 
using an excimer laser and a diamond 
knife. This may be the mechanism by 
which endothelial cells are stimulated 
to secrete abnormal material. 

Abnormalities of the endothelium 
and Descemet’s membrane have not 
been reported in numerous studies of 
corneal wound healing after excimer 
laser keratomileusis in primates and 
humans. It is likely that the observed 
changes are unique to the rabbit, 
whose pluripotential endothelium can 
regenerate and is quite sensitive to 
mechanical and chemical stimuli. 

The use of topical mitomycin C after 
refractive surgery has not been evalu- 
ated, but it has been used safely and 
effectively by Singh and colleagues,” 
who administered it four times daily 
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for 2 weeks as adjunctive therapy for 
treatment of primary and recurrent 
pterygium. Mitomycin C is a potent 
antimetabolite isolated from Strepto- 
myces caespitosus. It acts by inhibit- 
ing DNA, cellular RNA, and protein 
synthesis. When administered system- 
ically as high-dose intravenous thera- 
py, bone marrow suppression, mucous 
membrane ulceration, and renal insuf- 
ficiency can result." However, with 24 
months of follow-up after topical ad- 
ministration in 20 patients, no signs of 
hematologic or other systemic toxicity 
were observed." 

Local side effects of topical therapy 
with mitomycin C in Singh’s series 
included delayed conjunctival reepithe- 
lialization, superficial punctate kerato- 
pathy, and mild anterior-chamber in- 
flammation. The addition of topical 
steroids was helpful in controlling 
these side effects. The latter two side 
effects did not occur when the dose 
was reduced from 1.0 mg/mL to 0.4 
mg/mL." Delayed punctal occlusion, 
scleral melting, recurrent corneal epi- 
thelial defect, and crystalline kerato- 
pathy developed in one eye each 
between 4 and 24 months after treat- 
ment." 

Topical mitomycin C may be a pow- 
erful tool with which to influence cor- 
neal wound healing after excimer laser 
keratomileusis and may act as a ste- 
roid-sparing agent. However, given 
the potential toxicity of this agent, 
additional laboratory studies are nec- 
essary to better define the optimal 
dose interval, drug delivery vehicle, 
and duration of treatment. 


The authors certify that they have no affiliation 
with or financial involvement in any organization 
or entity with a direct financial interest in the 
subject matter or materials discussed in the 
manuscript. 


1983;96:710-715. 

13. Seiler T, Kahle G, Kriegerowski M. Excimer 
laser (193 nm) myopic keratomileusis in sighted and 
blind human eyes. Refract Corneal Surg. 
1990;6:165-173. 

14. Zabel RW, Tuft SJ, Marshall J. Excimer 
laser photorefractive keratectomy: endothelial 
morphology following area ablation of the cornea. 
Invest Ophthalmol Vis Sci. 1988;29(suppl):390. 
Abstract. 

15. Dehm EJ, Puliafito CAJ, Adler CM. Corneal 
endothelial injury in rabbits following excimer laser 
ablation at 193 and 248 nm. Arch Ophthalmol. 
1986;104:1364-1368. 

16. Singh G, Wilson MR, Foster CS. Mitomycin 
eye drops as treatment for pterygium. Ophthal- 
mology. 1988;95:813-821. 

17. Physicians Desk Reference. 44th ed. Ora- 
dell, NJ: Medical Economics Books; 1990:750-751. 

18. Singh G, Wilson MR, Foster CS. Effectivity 
and late complications of mitomycin in treatment of 
pterygium. Ophthalmology. 1989;96(suppl):120. 


Corneal Wound Healing — Talamo et al 


A 


P 


Characterization of Infectious Crystalline Keratitis 
Caused by a Human Isolate of Streptococcus matis 


Peter J. McDonnell, MD; Sergio Kwitko, MD; Jan M. McDonnell, MD; David Gritz, MD; Melvin D. Trousdale, PhD 


e Streptococcus mitis isolated from a 
human with infectious crystalline kerati- 
tis was injected intrastromally into cor- 
neas of adult New Zealand white rabbits 
that were treated with tetracycline hydro- 
chloride, methylprednisolone acetate, or 
a combination of tetracycline and meth- 
ylprednisolone. Animals were followed 
up for up to 44 days; untreated corneas 
and those treated with tetracycline devel- 
oped no disease or "fluffy" stromal infil- 
trates with overlying epithelial defects 
representing an abscess.  Corneas 
treated with the combination of tetracy- 
cline and corticosteroid usually devel- 
oped crystalline stromal opacities that 
on histopathologic examination were 
shown to be intrastromal aggregates of 
cocci. Transmission electron microsco- 
py of crystalline lesions within 10 days of 
infection revealed typical cocci inter- 
mixed with a fibrillar material having peri- 
odicity characteristic of fibrinogen or fi- 
brin, and immunoperoxidase staining for 
fibrinogen was positive. By 1 month, 
electron microscopy revealed aggre- 
gates of degenerated bacteria that were 
surrounded by cellular processes of acti- 
vated keratocytes. Our studies demon- 
strate a model for crystalline keratitis in 
which organisms are seen to reside with- 
in the stroma for up to 44 days without an 
inflammatory response. Periocular corti- 
costeroids appear to be necessary to 
create this model. It is possible that the 
organisms are isolated from the host 
response by fibrin or by keratocytes. 

(Arch Ophthalmol. 1991;109:1147- 
1151) 
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| nfectious crystalline keratitis is a 
recently recognized indolent bacteri- 
al infection; most eases have been re- 
ported to occur after penetrating kera- 
toplasty, all cases have a history of 
corticosteroid use, and cultures have 
usually yielded Streptococcus  viri- 
dans.” Using an isolate of Streptococ- 
cus mitis from a human with crystal- 
line keratitis, we have shown, in the 
short term, that corticosteroids alter 
the clinical and histopathologic appear- 
ance of the lesions produced by intra- 
stromal injection of the bacteria into 
rabbit corneas.’ O'Brien et al’ devel- 
oped a similar model of infectious crys- 
taline keratopathy in rabbits using 
Streptococcus pneumoniae. The mech- 
anism by which large aggregates of 
these cocci are able to reside within 
the corneal stroma in the absence of a 
host response is a subject of interest. 
An analogous lesion may be strepto- 
coccal bacterial endocarditis in which 
large aggregates of bacteria can be 
seen on heart valves in the absence of a 
leukocytic response; in experimental 
studies of these lesions it has been 
suggested that a layer of fibrin offers 
protection to the growing colonies. 
We report herein a long-term study of 
our rabbit model of infectious crystal- 
line keratitis, using ultrastructural and 
immunohistochemical studies to deter- 
mine how this lesion might develop. 


MATERIALS AND METHODS 


The animals used in this study were 
maintained in animal care facilities fully 
accredited by the American Association of 
Laboratory Animal Science, and all animal 
studies were conducted in accordance with 
the Association for Research in Vision and 
Ophthalmology Resolution on the Use of 
Animals in Research. New Zealand white 
rabbits were anesthetized with an intra- 
museular injection of ketamine hydrochlo- 
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ride and xylazine. The organism used was a 
human ocular isolate (from a patient with 
infectious crystalline keratitis) that was op- 
tochin resistant, did not have bile esculin, 
was resistant to 6.5% sodium chloride (at 
37°C), and did not have catalase. This or- 
ganism was identified using API 208 (Sher- 
wood Medical, Plainview, NJ) as profile 
0200022 to be S mitis, a member of the 
S viridans group. A single colony of the 
organism from an overnight growth on a 
blood agar plate was inoculated into 0.996 
normal saline and diluted to a 0.5-McFar- 
land unit suspension. One cornea of 32 
rabbits was given an intrastromal injection 
of 1200 organisms in 10 uL of solution using 
a Hamilton syringe with a 30-gauge needle. 
Beginning 24 hours after injection, animals 
were then randomized to receive one of the 
following: no additional therapy (n- 4), 1% 
tetracycline ointment daily (n=4), a single 
injeetion of 8 mg of methylprednisolone 
acetate suspension (Depo-Medrol, Upjohn, 
Kalamazoo, Mich) subconjunctivally at the 
time of corneal inoculation (n=6), and a 
combination of tetracycline ointment 
and subconjunctival methylprednisolone 
(n=18). One of the untreated animals died 
of unrelated causes 1 day after injection, 
reducing to three the number of eyes avail- 
able for study in this group. Tetracycline 
was arbitrarily chosen as the antibiotic in 
this study because it is relatively ineffective 
against this organism and is bacteriostatic. 
Nonspecific and ineffective antibiotic thera- 
py is often reported in case studies of 
infectious crystalline keratopathy.” 

Animals were examined every other day 
with the biomicroscope by an ophthalmolo- 
gist masked to treatment group and were 
photographed. If the cornea developed non- 
discrete “fluffy” stromal infiltrates that ap- 
peared to represent abscess formation, the 
animal was killed and the cornea fixed for 
subsequent pathologic study. Other animals 
were killed throughout the course of the 
study to provide histopathologic correlation 
with the biomicroscopie appearance of the 
lesions. 

Corneas for electron microscopy were 
fixed in one-quarter strength Karnovsky 
fixative (1.25% glutaraldehyde and 1.0% 
paraformaldehyde) and postfixed in 1.0% 
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osmium tetroxide, embedded in epoxy resin 
(Epon), sectioned with a diamond knife, and 
stained with uranyl acetate-lead citrate for 
transmission electron microscopic exam- 
ination. 

To examine the ultrastructural features 
of the bacteria alone, a colony of bacteria 
grown on blood agar was fixed as described 
above and similarly prepared for transmis- 
sion electron microscopy. 

Immunohistochemical studies were con- 
ducted on formalin-fixed, paraffin-embed- 
ded tissue. Briefly, sections were deparaf- 
finized, incubated with the primary donkey 
antirabbit fibrinogen (Cappel, Organon 
Teknika Corp, West Chester, Pa), washed, 
and incubated with a secondary biotinylated 
sheep antidonkey immunoglobulin (The 
Binding Site Ltd, Birmingham, UK). The 
chromogen used was 3-amino-9-ethyl-carba- 
zole (Sigma Chemical Co, St Louis, Mo). 
The presence of the red reaction product 
indicated a positive stain. Controls using 
nonimmune serum did not stain. 

A total of six corneas were cultured dur- 
ing the course of this study as follows: two 
abscesses from animals killed on day 7, two 
crystalline lesions from animals killed on 
day 7, and two crystalline lesions from 
animals killed on day 28 after inoculation. A 
wedge of the cornea, including a portion of 
the lesion, was placed in 1 mL of sterile 
balanced salt solution, minced with a sterile 
razor blade, homogenized with a Polytron 
tissue homogenizer (Brinkman Instru- 
ments, Westbury, NY), and plated on blood 
agar plates. 

The differences in outcomes among the 
treatment groups were assessed using the 
X test. 


RESULTS 


The clinical and histopathologic ob- 
servations are summarized in the Ta- 
ble. Animals treated with nothing or 
with tetracycline usually developed a 
corneal abscess (fluffy stromal opacity 
with polymorphonuclear leukocyte in- 
filtrate on histopathologic examina- 
tion) (Fig 1), and none developed crys- 
talline lesions. The animals treated 
with nothing were all killed within 
2 weeks. Abscess formation was fairly 
rapid in eyes treated with tetracycline, 
and these animals were killed on day 8. 
Eyes treated with subconjunctival 
methylprednisolone were observed to 
develop either no disease or a crystal- 
line lesion (Fig 2); only one eye in this 
group developed an abscess. Eyes in 
this group were followed up for up to 
15 days. Eleven (61%) of 18 eyes 
treated with the combination of tetra- 
cycline and methylprednisolone devel- 
oped crystalline lesions, followed by 
four (2296) of 18 developing no disease. 
Only two corneas (1196) developed ab- 
scesses. The animals that developed 
abscesses were killed at 7 days, and 
the remaining eyes were followed up 
for 10 days (n=2), 28 days (n=10), or 
44 days (n=4), for a mean of 27 days. 
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Outcome of Corneal Disease According to Treatment Group After 


Streptococcus mitis Injection 


Treatment 
None 


Tetracycline / methylprednisolone 


The likelihood of developing a crystal- 
line lesion was statistically significant- 
ly associated with treatment with 
methylprednisolone (P —.011); the dif- 
ference in likelihood of developing a 
crystalline lesion between eyes treated 
with methylprednisolone alone (two 
[3396] of six) and the combination of 
tetracycline and methylprednisolone 
(11 [6196] of 18) was not statistically 
significant (P — .24). 

Transmission electron microscopy 
was performed on two corneas with 
crystalline lesions that had been 
treated with methylprednisolone and 
tetracycline for 10 days. Ultrastruc- 
tural examination of these crystalline 
lesions revealed aggregates of typical 
cocci between stromal lamellae (Fig 3). 
Amid these organisms were aggre- 
gates of filaments randomly oriented 
and having a periodicity of 24 nm con- 
sistent with fibrin. This material was 
not present among the organisms in a 
colony grown on agar (Fig 4), suggest- 
ing that it is not of bacterial origin. 
Examination of two crystalline lesions 
at 44 days showed several features 
that contrasted with the earlier le- 
sions. In these more mature lesions, 
the cocci were seen to be in various 
stages of degeneration, with shrinkage 
to semilunar shapes and formation of 
vacuoles (Fig 5). In addition, the bac- 
terial aggregates were surrounded by 
cellular processes that appeared to 
originate from spindle-shaped kerato- 
cytes. 

Cultures of all six corneas (two ab- 
scesses on day 7) and four crystalline 
lesions (two on day 7 and two on day 
28) yielded S mitis. 

Immunoperoxidase staining for fi- 
brinogen was positive in al! three crys- 
talline lesions examined (one each from 
days 7, 28, and 44). The positive stain- 


No. of Eyes 
3 (1 rabbit died) 


Outcome (No. of Eyes 
With Corneal Lesion) 


Abscess (2) 
No disease (1) 


Tetracycline Abscess (4) 


4 
Methylprednisolone 6 


No disease (3) 
Crystalline opacity (2) 
Abscess (1) 
Crystalline opacity (11) 
No disease (4) 
Abscess (2) 

Focal stromal scar (1) 
Crystalline opacity (13) 
Abscess (9) 

No disease (8) 

Focal stromal scar (1) 





ing was noted throughout the crystal- 
line lesion (Fig 6, top), corresponding 
with the distribution of the filamentous 
material seen on electron microscopy. 
Immunoperoxidase staining for fibrin- 
ogen was negative in corneas with 
abscesses (Fig 6, bottom). 


COMMENT 


Our results indicate that infectious 
crystalline keratitis can be produced 
frequently in New Zealand white rab- 
bits by intrastromal inoculation of the 
S mitis obtained from a human with 
this condition, provided the rabbits are 
locally immunosuppressed with corti- 
costeroids. We also examined the pos- 
sible role of an antibiotic, tetracycline, 
not particularly effective against this 
organism because of the observation 
that humans who develop this condi- 
tion often do so while receiving antibi- 
otic as well as corticosteroid thera- 
py. ^" Antibiotics alone did not 
result in any animals developing crys- 
talline lesions, while tetracycline in 
combination with methylprednisolone 
proved most effective at producing 
these lesions in our model. The selec- 
tion of tetracycline, rather than anoth- 
er more commonly used commercial 
antibiotic, may limit the conclusions 
we may draw from these results. Fur- 
ther studies will be necessary to deter- 
mine whether some antibiotics are par- 
ticularly effective at encouraging or 
preventing development of such crys- 
talline lesions. We think this model can 
be useful for examining different treat- 
ment strategies for crystalline kerati- 
tis, including comparing the value of 
continuing and discontinuing cortico- 
steroids after appropriate antibiotic 
therapy has been initiated, and the 
possible role of newly proposed antibi- 
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Fig 1.—Top, Biomicroscopic photograph of 
corneal abscess 4 days after inoculation of 
organisms and no topical treatment. The mar- 
gins are ill defined, there is an overlying epi- 
thelial defect, and the eye is grossly inflamed, 
with conjunctival injection. Bottom, Light mi- 
crograph of margin of lesion shown above 
illustrates intrastromal abscess and corneal 
thickening (hematoxylin-eosin, original mag- 
nification x 200). 


Fig 4.— Transmission electron micrograph of 
bacterial colony grown on agar demonstrates 
typical cocci without intervening filamentous 
material seen in crystalline lesion (original 


magnification x 14 000). 
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Fig 2.— Top, Biomicroscopic photograph of 
crystalline lesion 4 days after inoculation of 
organisms and treatment with methylpredni- 
solone. The eye is not inflamed, the epitheli- 
umis intact, and the lesion margins are sharp- 
ly defined. Bottom, Light micrograph of lesion 
shown above illustrates intrastromal aggre- 
gate of cocci without inflammatory cells and 
much thinner cornea than with abscesses 
(hematoxylin-eosin, original magnification 
x 200). 
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Fig 3.— Transmission electron micrograph of 
crystalline lesion in cornea 10 days after in- 
oculation and treatment with methylpredniso- 
lone and tetracycline reveals typical cocci. 
Between the cocci is a filamentous material 
sectioned longitudinally and in cross section 
(original magnification x 11 396). 
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Fig 5.— Transmission electron micrograph of edge of crystalline lesion 44 days after inoculation demonstrates degenera- 
tive forms of cocci surrounded by cell processes of activated keratocytes with abundant rough endoplasmic reticulum 


(original magnification x 11 396). 





demonstrating red reaction product throughout the lesion (original magnification x 400). Right, Immunoperoxidase staining 
with antifibrinogen antibody of inflamed, infected cornea not treated with corticosteroids. Absence of red reaction product 
indicates absence of fibrinogen with the lesion (original magnification x 400). 


otic delivery systems, such as collagen 
contact lenses," in this condition. 

In our model, we gave simultaneous 
injections of bacteria into the corneal 
stroma and corticosteroid into the sub- 
conjunctiva. This allowed us to anes- 
thetize the animals only once, and was 
based on preliminary studies showing 
that corticosteroid therapy in advance 
of stromal inoculation was not neces- 
sary to allow formation of crystalline 
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lesions. In contrast, the clinical disease 
presumably involves development of 
lesions in corneas already immunosup- 
pressed with long-term corticosteroid 
therapy. 

Our model shares some common fea- 
tures with an experimental model of 
bacterial endocarditis created in rab- 
bits using S viridans." In both the 
corneal and valvular lesions, large ag- 
gregates of cocci are seen with little or 


no host-inflammatory response. As the 
lesions age, the bacterial colonies de- 
generate," a finding we noted on ultra- 
structural comparison of early vs late 
corneal erystalline lesions. Gorovoy et 
al' noted similar morphologie changes 
in their case report of corneal crystal- 
line keratitis, but attributed them to 
an artifact of the fixation process. Sim- 
ilar degenerative changes were noted 
in another case report. Since we pre- 


Infectious Crystalline Keratitis — McDonnell et al 


pared all specimens identically, we feel 
confident that these changes in bacte- 
rial structure are features of “aging of 
the lesion,” rather than artifacts. 
Examinations of endocardial vegeta- 
tions are remarkable for “a featureless 
fibrin matrix” encapsulating the bacte- 
rial colonies, which prompted Durack 
and Beeson’ to speculate that “the 
vegetation appears to offer the bacte- 
ria a privileged sanctuary.” This obser- 
vation prompted us to examine the 
corneal lesions for the presence of fi- 
brin, and we demonstrated it to be 
present with electron microscopy and 
immunoperoxidase. A similar material 
appears to be present in some previ- 
ously published electron micrographs 
of this disorder,"" although the au- 
thors do not specifically call attention 
to it. The importance of this observa- 
tion is unclear, but it suggests one 
possible mechanism by which the bac- 
terial infection might become isolated 
from the host-inflammatory response. 
Ormerod et al^ recently published a 
series of cases in which electron mi- 
croscopy revealed “an amorphous ma- 
terial uniformly separating the bacte- 
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ria within the plaque,” which they 
suggested might represent “intracor- 
neal bacterial glycocalyx (biofilm) de- 
position.” They similarly suggested an 
analogy with chronic bacterial endo- 
carditis. Unlike these authors, howev- 
er, we believe the material to be of 
host origin with ultrastructural and 
immunologic features of fibrin, rather 
than biofilm of bacterial origin. There 
are, however, dissimilarities between 
crystalline keratitis and experimental 
bacterial endocarditis; endocarditis 
models do not employ immunosuppres- 
sion and develop in vascularized tissue. 

Durack and Beeson' also report that 
cardiac valvular lesions are organized 
over weeks by fibroblasts and capillar- 
ies, accompanied by phagocytosis and 
sometimes calcification of the debris of 
dead bacteria. In our 44-day-old le- 
sions, we identified keratocytes sur- 
rounding, and perhaps ingesting, de- 
generated bacteria. The ability of 
these cells to phagocytose material has 
been demonstrated in conditions such 
as corneal blood staining." To our 
knowledge, such a morphologic feature 
has not been described to date in a 
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human case of crystalline keratitis, 
thus the relevance of this observation 
in our experimental model to the hu- 
man disease is not certain. 

We conclude that the establishment 
of crystalline corneal lesions in this 
model using a human isolate is an 
important first step toward elucidating 
the pathogenesis of the rare condition, 
and hopefully to improving treatment 
strategies. Further work is required to 
define the host, bacterial, and pharma- 
cologic factors important for establish- 
ing this disease, and to examine the 
possible role of penetrating kerato- 
plasty in promoting this infection. 
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Superior Oblique Adjustable Suture Surgery 


A Rabbit Model 


Ronald V. Keech, MD 


e Adjustable suture techniques have 
played a limited role in superior oblique 
muscle surgery. In this study, one of two 
different adjustable suture techniques 
was performed on the superior oblique 
muscle of 12 rabbit eyes. One day after 
surgery, each muscle was advanced us- 
ing the adjustable suture and was perma- 
nently secured to the eye. No significant 
difference was noted in the amount of 
force (P=.4603) necessary to advance 
the muscle with either of the procedures. 
Postmortem examinations performed 
several weeks after both procedures 
demonstrated that the superior oblique 
muscle was firmly attached to the globe 
in the same position where it was left 
following the adjustment. Adjustable su- 
ture techniques may be useful alterna- 
tives to traditional superior oblique mus- 


cle surgery. 
(Arch Ophthalmol. 1991;109:1152- 
1154) 


S uperior oblique muscle surgery is 

more difficult and the outcome is 
less predictable than surgery on the 
rectus eye muscles. Many different 
surgical procedures have been devised 
for the superior oblique muscle in an 
attempt to make the surgery easier 
and to improve the rate of success." 
The adjustable suture procedure, 
which has been useful in rectus muscle 
surgery, has played only a limited role 
in superior oblique muscle surgery.” 
Metz and Lerner’ used an adjustable 
suture to control the advancement of 


the anterior fibers of the superior 
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oblique tendon. Their procedure is dif- 
fieult to adjust and is useful only for 
patients with isolated excyclotropias. 
Spielmann" described an "adjustable" 
tucking procedure in which the effect 
of the surgery could be reduced only 
by cutting the muscle suture. The pur- 
pose of this study was to develop an 
adjustable suture technique for the 
superior oblique muscle that would be 
easy to perform and that would be 
useful for a variety of superior oblique 
motility disorders. 


MATERIALS AND METHODS 


Approval for this experiment was ob- 
tained from the Animal Care Committee of 
the University of Iowa College of Medicine, 
Iowa City. One of two different adjustable 
surgical procedures was performed on the 
superior oblique muscle of seven adult rab- 
bits. Each procedure was randomly as- 
signed to six eyes with no animal having 
more than one of the same procedure. Two 
animals had surgery on one eye only. The 
five remaining animals had surgery on both 
eyes. Four of these five animals had the 
procedures performed on each eye several 
weeks apart. This allowed for the assess- 
ment of different stages of wound healing 
when the animals were killed. For each 
operation and postoperative adjustment, 
the animals were sedated with a mixture of 
acepromazine maleate (1.67 mg/mL), xyla- 
zine hydrochloride (16.67 mg/mL), and ke- 
tamine hydrochloride (16.67 mg/mL) given 
intramuscularly in a dose of 0.37 mL/kg of 
body weight. An additional 0.19 mL/kg of 
the mixture was administered during the 
operation as needed. Just prior to the pro- 
cedure, several drops of topical 0.5% pro- 
paracaine hydrochloride were applied to the 
operated-on eye. For all procedures, the 
conjunctiva was opened at the superior 
limbus. At the end of the surgery, the 
adjustable sutures were covered with the 
conjunctiva, which was closed with one or 
two interrupted sutures of 7-0 chromic col- 


lagen. An ophthalmic ointment mixture 
(Maxitrol [Alcon Laboratories Inc, Fort 
Worth, Tex], a combination of neomycin 
sulfate, polymyxin B sulfate, and dexa- 
methasone) was applied to the eye after 
each procedure and adjustment. 


Procedure A 


Five millimeters of the superior oblique 
muscle was resected and a double-armed 
6-0 polydioxanone (Ethicon, Somerville, 
NJ) monofilament suture was attached to 
the distal end of the muscle. The monofila- 
ment suture was selected because previous 
experiments with polyglycolic acid and po- 
lyglactin 910 suture material resulted in 
excessive suture drag (R.V.K., unpub- 
lished data, 1988). The suture was secured 
to the globe by a pair of scleral tunnels 
placed 5 mm posterior and 3 mm temporal 
to the lateral pole of the superior rectus 
muscle (Fig 1). Each scleral tunnel was 2 
mm long and oriented in an anterior, 
oblique, and temporal direction. A second 
pair of scleral tunnels, 1 mm in length, was 
placed 2 mm from the limbus and 5 mm 
temporal to the lateral border of the superi- 
or rectus muscle. After the suture ends 
were brought through both pairs of scleral 
tunnels, the muscle was recessed 5 mm 
from the posterior tunnels and the suture 
was tied in a bow. 


Procedure B 


A pulley measuring 2X36 mm with a 
0.50-mm diameter hole drilled near the 
center was fashioned from a polydioxanone 
vascular ligating clamp (Absolok, Ethicon) 
(Fig 2, B). The pulley was secured to the 
globe with n-butyl-2-cyanoacrylate (B 
Braun Melsungen AG, Melsungen, Federal 
Republic of Germany) glue” in a posterior, 
oblique, and temporal direction 5 mm poste- 
rior and 3 mm temporal to the lateral pole of 
the superior rectus muscle. A double-armed 
6-0 polyglactin 910 (Ethicon) suture was 
attached to the distal end of a superior 
oblique muscle that had been resected 
5 mm. The sutures were brought through 
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Fig 1.—Surgical procedure A. The superior oblique muscle is at- 
tached by a 6-0 polydioxanone suture. The suture is attached to the 
globe by two pairs of scleral tunnels that maintain the correct orienta- 
tion of the muscle and allow access for the adjustment. 


the pulley hole and attached to the globe by 
scleral tunnels placed 2 mm from the limbus 
and 5 mm from the superior rectus muscle 
insertion. The superior oblique muscle was 
recessed 5 mm from the pulley and the 
suture was secured with a sliding knot (Fig 
2, A). 


Postoperative Adjustment 


The superior oblique muscles were ad- 
justed between 18 and 24 hours after the 
initial surgery. The conjunctiva was opened 
at the limbus to expose the adjustable su- 
ture knot without excessive dissection over 
the superior rectus and superior oblique 
muscles. A strain gauge was attached to the 
adjustable suture. The superior oblique 
muscle was advanced and recessed three 
times and the tension required to advance 
the muscle was recorded. Following these 
measurements, the muscle was advanced as 
far as possible and the suture was tied in a 
permanent knot. 

Between 4 and 16 weeks after the sur- 
gery, the animals were killed and the supe- 
rior halves of the globes were examined. 
The extent of scarring, the position of the 
superior oblique muscle, and the force re- 
quired to disinsert the muscle from the 
globe were determined. 

The force necessary for advancing and 
disinserting the muscles was analyzed using 
analysis of variance for a randomized block 
design model. For the evaluation of the 
force necessary to detach the muscle from 
the sclera, the period following the surgery 
was used as a covariant. 


RESULTS 


Both procedures were well tolerated 
by the animals. There were no postop- 
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Fig 2.—Surgical procedure B. The superior oblique muscle is at- 
tached by a 6-0 polyglactin 910 suture (A). The sutures are brought 
through a pulley fashioned from polydioxanone material (B) and are 
attached to the globe anteriorly by a pair of scleral tunnels. 


Superior Oblique Muscle Attachment 


Force to 
Advancement, 


erative infections and there was mini- 
mal postoperative inflammation. The 
force necessary to advance the superi- 
or oblique muscle for both procedures 
is shown in the Table. For every mus- 
cle adjusted, a greater force was nec- 
essary to advance the muscle for the 
first measurement than for the second 
or third measurement. No significant 
difference was noted between proce- 
dure A and B in the force required to 
advance the muscle. This was true 
whether the first measurements of 
both procedures (P=.1360) or the 
means of all three measurements 


Force to 
Disinsert, 
g-Force 


Postmortem 
Examination, 
wk Postoperative 





(P=.4603) were compared. The force 
required to advance the muscle in both 
procedures was comparable to that 
found with the adjustment of rectus 
muscles in humans (R.V.K., unpub- 
lished data, 1987). 

The postmortem examinations re- 
vealed mild to moderate scarring of the 
superior oblique muscle and adjacent 
tissues with no visible differences be- 
tween the two procedures in the at- 
tachment of the muscle to the sclera. 
All the polydioxanone pulleys were 
firmly attached to the globe, although 
by 16 weeks after the surgery, marked 
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reabsorption was noted. In all cases, 
the superior oblique muscle was at- 
tached to the sclera at the position it 
was placed following the final adjust- 
ment. No significant difference 
(P=.2955) was noted between proce- 
dures A and B in the average force 
necessary to disinsert the superior 
oblique muscle from the globe. 


COMMENT 


The application of an adjustable su- 
ture technique to the superior oblique 
muscle is limited by several factors. 
Traditional extraocular adjustable su- 
ture techniques place the adjustable 
knot near the insertion of the rectus 
muscle. The superior oblique insertion, 
however, is oriented posterior and 
oblique to the corneoscleral limbus 
which makes it difficult, if not impossi- 
ble, to use a traditional adjustable 
suture approach. If the superior 
oblique adjustable suture is moved an- 
teriorly to make it more accessible, the 
direction of the muscle force is altered, 
resulting in decreased vertical and in- 
creased torsional effects. 

Another problem with using an ad- 
justable suture on the superior oblique 
muscle is its relationship to the superi- 
or rectus muscle. During an adjust- 
ment, the superior oblique tendon 
must slide under the superior rectus 
muscle. Adhesions between the superi- 
or oblique and superior rectus muscles 
or between the superior rectus muscle 
and the sclera may limit the ability to 
perform an adjustment. Also, when 
adjusted, an anxious patient may at- 
tempt to force the eyelids closed, 
which will cause the eye to supraduct. 
This action will make the adjustment 
more difficult because the superior 
oblique insertion is driven posteriorly 
and the superior rectus muscle is con- 
tracted over the superior oblique 
tendon. 

In this study, two procedures were 
developed to eliminate some of the 
problems inherent in using traditional 
adjustable suture techniques on the 
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3. Buckley EG, Flynn JT. Superior oblique re- 
cession versus tenotomy: a comparison of surgical 
results. J Pediatr Ophthalmol Strabismus. 1983; 
20:112-117. 

4. Romano P, Roholot P. Measured graduated 
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superior oblique tendon. In the first 
procedure, posterior and anterior 
scleral tunnels were created. The pos- 
terior tunnels helped retain the normal 
muscle orientation while the anterior 
tunnels allowed the adjustable sutures 
to be placed anteriorly for better ac- 
cess. A 6-0 polydioxanone monofila- 
ment suture was used with this tech- 
nique because it was found in previous 
experiments that polyglycolic acid and 
polyglactin 910 sutures resulted in ex- 
cessive drag that hampered the adjust- 
ment. Although the monofilament su- 
ture had the least resistance of the 
sutures tested, it did cause other prob- 
lems. The suture drag was reduced to 
the extent that it became difficult to 
secure an adjustable knot. In addition, 
this suture is available only with ta- 
pered needles that are unsuitable for 
strabismus surgery. 

The second procedure incorporated 
a polydioxanone pulley secured to the 
posterior globe through which a poly- 
glactin 910 suture was attached. The 
pulley was fashioned from a commer- 
cially available polydioxanone vascular 
ligation clamp (Absolok) and was at- 
tached to the sclera with n-butyl-2- 
cyanoacrylate glue. The glue provided 
good adhesion and was easier to use 
than sutures. A similiar adhesive com- 
pound (isobutyl cyanoacrylate) is com- 
mercially available (Ellman Interna- 
tional Manufacturing Inc, Hewlett, 
NY) and approved for medical use. 

Both of the adjustable suture proce- 
dures tested in this study worked well 
on the superior oblique muscle in rab- 
bits. The resistance to the advance- 
ment of the muscle during the adjust- 
ment was not excessive. Occasionally 
the superior oblique muscle would ap- 
pear to “hang up” on the superior 
rectus muscle. This was overcome by 
stabilizing the globe in a primary or 
slightly supraducted position to create 
slack in the superior rectus muscle. In 
humans the superior oblique tendon is 
longer and thinner than in rabbits 
which should allow the tendon to slide 
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under the superior rectus muscle more 
easily. Futhermore, slack could be in- 
duced in the human superior rectus 
muscle by having the patient attempt 
to infraduct the eye while it is held in 
primary gaze position with a fixation 
suture. 

The surgical procedures employed in 
this study could be used either to 
increase or decrease the effective force 
of the superior oblique muscle. To de- 
crease the muscle action, a recession is 
performed on the adjustable suture. 
The superior oblique tendon is ad- 
vanced or recessed as needed when 
adjusted. To strengthen the action of 
the superior oblique, the tendon is 
resected and also recessed slightly in 
anticipation of the adjustment. 

In summary, the posterior location 
and oblique orientation of the superior 
oblique insertion require the develop- 
ment of adjustable suture techniques 
that are different from those used for 
rectus muscles. The procedures de- 
scribed in this study provide unique 
methods for maintaining the normal 
orientation of the superior oblique 
muscle while still allowing for an easy 
adjustment. The tension necessary to 
advance the superior oblique muscle 
during the adjustment was not exces- 
sive with either procedure. The adhe- 
sions of the muscles to the globe fol- 
lowing the adjustment were strong 
and stable. While both of these proce- 
dures may prove to be clinically useful, 
their effect on the human eye is 
unknown. 


This study was supported in part by Biomedical 
Research Support grant RR 05372 from the Bio- 
medical Research Support Branch, Division of 
Research Facilities and Resources, National In- 
stitutes of Health, Bethesda, Md, and an unre- 
stricted grant from Research to Prevent Blind- 
ness Inc, New York, NY. 

The author has no proprietary or commercial 
interest in any of the products used in this study 
or any of the companies responsible for their 
manufacture. 

Bridget Zimmerman, PhD, University of Iowa, 
provided the statistical analysis of data. 


strabismus surgery. In: Smith RE, ed. Focal 
Points. San Francisco, Calif: American Academy of 
Ophthalmology; 1986;4:1-10. 

9. Metz HS, Lerner H. The adjustable Harada- 
Ito procedure. Arch Ophthalmol. 1981;99:624-626. 

10. Spielmann A. Adjustable tucking of the su- 
perior oblique muscle. J Ocul Ther Surg. 
1983;2:162-166. 

11. Refojo MF, Dohlman CH, Koliopoulos J. Ad- 
hesives in ophthalmology: a review. Surv Ophthal- 
mol. 1971;15:217-236. 


Superior Oblique Surgery — Keech 


Comparative Efficacies of Soft Contact Lens Disinfectant 
Solutions Against Microbial Films in Lens Cases 


Louis A. Wilson, MD; Anil D. Sawant, PhD; Donald G. Ahearn, PhD 


e Biofilms of Pseudomonas aerugi- 
nosa, Serratia marcescens, Staphylococ- 
cus epidermidis, Streptococcus pyog- 
enes, and Candida albicans, established 
in the wells of a polyethylene contact 
lens case, retained viability to certain 
soft contact lens disinfectant solutions 
after exposure for the manufacturer's 
minimum recommended disinfection 
times. The relative order of resistance 
of bacterial biofilms was as follows: 
S marcescens was greater than P aerugi- 
nosa, which was greater than S epidermi- 
dis, which was greater than S pyogenes. 
Air drying of biofilms for 10 hours in- 
creased the efficacy of the disinfectant 
solutions, but drying was not enough to 
decrease the incidence of recovery to 096 
for all solutions. Hydrogen peroxide was 
more effective against biofilms than dis- 
infectant solutions formulated with 
chlorhexidine gluconate or poly- 
quaternium-1 or polyaminopropyl bi- 
guanide. We recommend that determina- 
tion of efficacy of contact lens disinfec- 
tant solutions should include challenges 
against biofilms. 

(Arch Ophthalmol. 
1157) 


1991;109:1155- 


Previously, we have associated infec- 

tions of the outer eye of contact 
lens wearers with the use of contami- 
nated contact lens solutions." Certain 
bacteria, notably Serratia marcescens, 
have demonstrated an ability to sur- 
vive, grow, and persist in the original 
containers of various chlorhexidine- 


Accepted for publication April 1, 1991. 

From the Department of Ophthalmology (Dr 
Wilson), Emory University School of Medicine, 
Atlanta, Ga, and the Laboratory for Microbial and 
Biochemical Sciences (Drs Sawant and Ahearn), 
Georgia State University, Atlanta. 

Reprint requests to Department of Ophthalmol- 
ogy, School of Medicine, Emory University, 1365 
Clifton Rd, Atlanta, GA 30322 (Dr Wilson). 


Arch Ophthalmol—Vol 109, August 1991 


and benzalkonium chloride-based con- 
ditioning and soaking solutions.** Mi- 
crobial contamination of contact lens 
solutions, however, is most prominent 
in solutions in contact lens cases." 
Preservative-free saline in lens cases is 
frequently contaminated, but pre- 
served saline solutions and even some 
disinfectant solutions have yielded mi- 
croorganisms. Some disinfectant solu- 
tions that were apparently efficacious 
against suspended or planktonic bacte- 
ria were less effective against biofilms 
established in contact lens cases." This 
report examines the relative effective- 
ness of some commercially available 
soft contact lens disinfectant solutions 
against biofilms of microorganisms es- 
tablished in contact lens cases. 


MATERIALS AND METHODS 
Cultures 


Lyophilized bacteria, Pseudomonas aer- 
uginosa GSU 3, Staphylococcus epidermi- 
dis ATCC 155, S marcescens GSU 86-828, 
Streptococcus pyogenes GSU 80-031, and 
the yeast Candida albicans GSU 30 were 
activated. Working cultures of bacteria 
were maintained on tryptic soy agar (Difco 
Laboratories, Detroit, Mich) at 2°C to 4°C. 
Cells for inocula were grown for 18 hours in 
tryptic soy broth in shaken culture at 37°C, 
harvested in a centrifuge, and washed twice 
in 0.9% saline. The cells were suspended in 
saline to absorbencies equivalent to densi- 
ties of 10° cells per milliliter or 10° cells per 
milliliter. The actual numbers of colony- 
forming units in the inocula were confirmed 
from plate counts of serial dilutions. Cells of 
C albicans were treated similarly but were 
grown on Sabouraud' dextrose media, and 
the final inocula were adjusted to 10" cells 
per milliliter. 


Microbial Adherence 


A procedure with radiolabeled cells de- 
scribed by Miller and Ahearn' was adapted 
for assay of adherence. Bacteria were 
grown in trypticase soy broth (Baltimore 
Biological Laboratories, Cockeyville, Md) 


at 37°C on a rotary shaker for 12 to 18 
hours; C albicans was grown in Sabou- 
raud's dextrose broth (Difco) under similar 
conditions. Cells were harvested, washed 
twice with 0.9% saline, and suspended in 
minimal broth (1.0 g D-glucose, 7.0 g dipo- 
tassium phosphate, 2.0 g potassium biphos- 
phate, 0.5 g sodium citrate, 1.9 g ammoni- 
um sulfate, and 0.1 g magnesium sulfate in 
1 L distilled water) with shaking at 25°C for 
1 hour. L-[3,4,5-H]leucine (0.037 to 0.111 
MBq/mL) (NEN Research Products, Du 
Pont Company, Wilmington, Del) was 
added and the suspension was incubated for 
an additional 20 minutes. These cells were 
washed four times and suspended in 0.9% 
saline to a concentration of about 10° cells 
per milliliter. Individual polyethylene disks 
(8 mm in diameter cut from lens cases) were 
incubated with 2 mL of the radiolabeled cell 
suspension for 2 hours at 25°C. Disks were 
removed with a sterile forceps and im- 
mersed five times in each of three succes- 
sive changes (250 mL) of 0.9% saline. The 
disks were shaken free of excess saline and 
transferred to 20-mL glass scintillation vi- 
als. Ten milliliters of scintillation cocktail 
(Opti-Fluor, Packard Instrument Co, 
Downers Grove, Ill) was added to each vial; 
the vials were vortexed and counted in a 
liquid scintillation counter. Samples (100 
wL) of serially diluted radiolabeled cell sus- 
pensions of known concentration were dis- 
tributed into scintillation vials and counted 
as described above. Scintillation counts 
were converted to actual cell numbers with 
a calibration curve relating counts per min- 
ute to viable cell counts. Disks without 
adhered cells were included as controls. All 
tests were performed on at least five sam- 
ples of each organism except S pyogenes. 


Biofilm Establishment 


A 1.0-mL suspension of cells (each spe- 
cies tested separately) was delivered to the 
center of the well of a new, sterile, polyeth- 
ylene contact lens case. The lid of the case 
was closed and the case was incubated for 
24 hours at 22°C to 24°C. The case was 
opened carefully and the saline-cell suspen- 
sion was drawn off with a pipetter (<10 pL 
residual in the well) At this time, either 1.5 
mL of disinfectant solution (which filled the 
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Table 1.— Soft Contact Lens 
Solutions Tested 


Manufacturer's 
Minimum 
Recommended 


Solution Disinfection 


Code* Time 


Antimicrobials 
0.00196 Polyquater- 
nium-1; edetic 

acid 

0.001% Polyquater- 
nium-1; edetic 
acid + borate 
ions 

0.00005% Polyami- 
nopropyl bigua- 
nide; edetic 
acid + borate 
ions 

0.005% Chlorhexi- 
dine gluconate; 
edetic acid + 
borate ions 

3.0% Hydrogen 
peroxide; stabi- 
lized with sodium 
stannate 
* Pq indicates polyquaternium- 1; PqB, polyquater- 

nium-1 with borate ions; Bg, biguanide; Ch, chlor- 

hexidine; and H,O,, hydrogen peroxide. 


well completely) was added to the center of 
the well or the case was air dried (no 
observable liquid) for 10 hours prior to the 
addition of the disinfectant (Table 1). The 
cases were incubated further, and, at the 
indicated times (see Tables 2 through 4), 
the disinfectant was removed and 1.5 mL of 
Dey Engly neutralization broth (Difco) was 
added. After 5 minutes, the Dey Engly 
broth was transferred to sterile test tubes 
and the right and left sides of the well were 
rubbed with separate swabs that were 
streaked over the surface of Dey Engly and 
tryptic soy agar plates. Sabouraud’s dex- 
trose agar was used with C albicans. We 
analyzed results using statistical software 
(CSS, StatSoft, Ine, Tulsa, Okla) with a y 
test corrected for sample size (V^ 
statistics). 


RESULTS 


The relative degrees of adherence to 
the polyethylene by the challenge or- 
ganisms were as follows: P aeruginosa 
was greater than S epidermidis, which 
was greater than C albicans, which 
was greater than S marcescens (Fig- 
ure). The more fastidious S pyogenes 
was not included in the radiolabel as- 
say, but wells of cases exposed for 
10 hours to saline suspensions of 10° 
cells to 10° cells of this species, as well 
as the others, showed staining by saf- 
ranin as contrasted to control wells. 
There was no direct correlation be- 
tween the relative degrees of adher- 
ence to the lens case polyethylene and 
the resistance of microbial biofilms to 
the disinfectant solutions (Tables 2 and 
3). Some cells in bacterial biofilms on 
polyethylene retained viability beyond 
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Table 2.—Effect of Disinfectant Contact Time on Recovery of Bacteria From Biofilms 
in Lens Cases* 


Disinfectant Contact Time, h 


4 6 


12 Total % (N = 72) 


— a ————— Ar —Ó— MM 


Solution Not Dried Driedt Not Dried 





Dried Not Dried 


Dried Not Dried Dried 


* Six samples each of biofilms of Pseudomonas aeruginosa, Serratia marcescens, Staphylococcus epider- 
midis, and Streptococcus pyogenes. Bg indicates biguanide; Pq, polyquaternium- 1; PqB, polyquaternium- 1 with 
borate ions; Ch, chlorhexidine; and H,O., hydrogen peroxide. 

tBacterial film in lens cases air dried fer 10 hours prior to addition of disinfectant. 


+All values are percent culture positive; n= 24. 


§Numbers in parentheses statistically significant as compared with 4 hours (P—.01). 


Table 3.—Effect of Disinfectants on Recovery of Bacteria From Biofilms in Polyethylene 
Lens Cases" 


Serratia 
marcescens 


Pseudomonas 
aeruginosa 


Streptococcus 
pyogenes 


Staphylococcus 
epidermidis 


ee Fee er —— OO ee OOOO 


Solution Not Dried Driedt Net Dried 





Dried Not Dried Dried Not Dried Dried 


* Six samples each with 4, 6, and 12 hours disinfection time. For hydrogen peroxide (H,O,), disinfection times 
were 10 minutes, 1 hour, and 4 hours. Pq indicates polyquaternium- 1; PaB, polyquaternium- 1 with borate ions; 


Bg, biguanide; and CH, chlorhexidine. 


+Bacterial film in lens cases air dried for 10 hours prior to addition of disinfectant. 


+All values are percent culture positive; n= 18. 
§All positive cultures obtained at 10-minute time. 


Table 4.—Effect of Disinfectant Contact Time on Recovery of Candida albicans From 
Biofilms in Lens Cases 


Disinfectant Contact Time, h 


4 6 


12 Total % (N = 72) 


Oe 


Solution* Not Dried Driedt Not Dried Dried 





Not Dried Dried Not Dried Dried 


* Pq indicates polyquaternium- 1; PqB, polyquaternium-1 with borate ions; Bg, biguanide; Ch, chlorhexidine; 
and H;,O;, hydrogen peroxide. 
tBiofilm in lens case air dried for 10 hours prior to addition of disinfectant. 
+All values are percent culture positive: n= 18. 


the manufacturer's recommended dis- 
infection times (Table 2). Only hydro- 
gen peroxide stabilized with sodium 
stannate and to a lesser extent poly- 
quaternium-1 with borate ions showed 


significant disinfection of moist bacte- 
rial biofilms with increased disinfection 
time. Hydrogen peroxide markedly re- 
duced cell populations as well as the 
incidence of recovery; less than 20 
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Adherence of selected microorganisms to 
polyethylene lens case material. Bars indi- 
cate mean + SEM (n - 5). 


colonies per swab streak were ob- 
served at 10 minutes disinfection time. 
No cells were recovered from any of 
the biofilms after 4 hours of exposure 
to hydrogen peroxide. Air drying be- 
fore the addition of disinfectant re- 
duced the incidence and the numbers 
of recoverable bacteria; however, the 
degree of increased activity against 
air-dried biofilms varied from solution 
to solution. Chlorhexidine and hydro- 
gen peroxide showed a greater in- 
crease in effectiveness on dried bio- 
films as compared with the increase 
observed with other solutions. All con- 
trol biofilms air dried for 10 hours (not 
treated with disinfectant) yielded cells. 
Overall, S marcescens was the most 
resistant bacterium, with swab streaks 
of the wells frequently yielding conflu- 
ent growth (Table 3). Pseudomonas 
aeruginosa in biofilms showed resis- 
tance to all solutions except hydrogen 
peroxide; however, the populations of 
bacteria were reduced, especially by 
the polyquaternium-1 with borate ions 
and chorhexidine disinfectants. The so- 
lution with polyquaternium-1 with bo- 
rate ions was more effective than the 
solution with polyquaternium-1 alone 
(Tables 2 and 3). The reduced recover- 
ies from air-dried biofilms were most 
evident against S pyogenes (Table 3). 
In general, C albicans was more 
resistant to the disinfectants than bac- 
teria (Table 4). With the exception of 
the chlorhexidine solution, dried films 
of C albicans were more resistant than 
moist films. This was most evident 
with the polyquaternium-1 with borate 
ions and the hydrogen peroxide disin- 
fectants. No more than 12 and 30 colo- 
nies, respectively, were recovered 
from moist films exposed to these dis- 
infectants, whereas dried films yielded 
twofold to threefold greater colony- 
forming units on Sabouraud's dextrose 
agar. The polyaminopropyl biguanide 
disinfectant, relative to the other dis- 
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infectants, did not markedly reduce 
cell densities in moist or dried biofilms 
with increasing contact time. 


COMMENT 


In this study, we have demonstrated 
that microbial biofilms established in a 
polyethylene lens case may retain via- 
ble cells after varying periods of expo- 
sure to commercially available disin- 
fectant solutions for soft contact 
lenses. Air drying of the case for 10 
hours reduces the numbers of surviv- 
ing bacteria, but a seed inoculum that 
can resist exposure to a disinfectant 
still persists in most instances. The 
results of our laboratory study are in 
general agreement with results of our 
in-use study of lens case and solution 
contamination with microorganisms." 
Hydrogen peroxide was more effective 
against biofilms than disinfectant solu- 
tions formulated with chlorhexidine 
gluconate, polyquaternium-1, or polya- 
minopropyl biguanide. 

The relative efficacies of the disin- 
fectant solutions against biofilms did 
not necessarily correlate with effica- 
cies against planktonic cells. In prelim- 
inary screening for this investigation 
and in our previous studies, there 
were no recoveries of S marcescens 
after 4 hours from any of the disinfec- 
tant solutions challenged (inoculum 10° 
cells per milliliter) in their original 
containers. Particularly, the polyamin- 
opropyl biguanide solution readily 
killed all but the yeast when chal- 
lenged in the container. We have pre- 
viously noted the resistance of most 
contact lens disinfection solutions in 
their original containers to challenge 
with microorganisms. " 

Penley and associates” previously re- 
ported that at least 1 hour of exposure 
was necessary for hydrogen peroxide 
inactivation of fungi, but this time was 
insufficient for the inactivation of a 
biofilm of C albicans. This yeast is not 
an uncommon causal agent of eye dis- 
eases, but it is rarely encountered as a 
contaminant in ocular solutions. Ocular 
infeetions by other fungi, however, 
have been associated with the use of 
contaminated contact lens parapherna- 
lia." 

In-use contact lens cases are fre- 
quently contaminated with microor- 
ganisms potentially hazardous to the 
eye." This contamination is mostly the 
result of improper hygienic practices 
on the part of the contact lens wearer. 
Any contact lens case with residual 
solutions, particularly nonpreserved 
saline that is distributed widely as a 
sterile product in aerosol containers, 
can support the growth of common 
bacteria, particularly P aeruginosa 


and S marcescens. Exposure of non- 
preserved or inadequately preserved 
solutions to microorganisms for 8 to 
10 hours is sufficient to permit microbi- 
al growth with adherence to the lens 
case and development of a biofilm. 
Such biofilms may be established also 
in the exposed plastic nozzles of aero- 
sol saline solutions, with subsequent 
contamination of lenses and cases." It 
is well established that microbial bio- 
films demonstrate increased resistance 
to various antimicrobials as compared 
with planktonic cells.* 

The reduced efficacy of some solu- 
tions against attached cells and the 
common incidence of case contamina- 
tion suggest that the determination of 
the efficacy of disinfectant solutions 
should include challenges against bio- 
films. The procedure described herein 
is relatively simple. Conditions for 
storage of lenses are critical for safe 
contact lens wear. Because adhered 
resistant cells are not readily rinsed 
from lens cases, we reiterate that 
cases should be regularly cleaned and 
disinfected with heat or hydrogen per- 
oxide, and they should be periodically 
replaced with new cases. 


This research was supported in part by an 
unrestricted grant from Research to Prevent 
Blindness Ine, New York, NY. 

The authors have no affiliation or financial 
involvement with the materials diseussed in this 
manuscript. 
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Selective a,-Adrenergic Agonists B-HT 920 and UK145304-18 


Effects on Aqueous Humor Dynamics in Monkeys 


Janet B. Serle, MD; Scott Steidl, MD; Rong-Fang Wang, MD; Thomas W. Mittag, PhD; Steven M. Podos, MD 


e Selective  o,-adrenergic agonists 
UK14304-18 and B-HT 920 were evaluat- 
ed in the eyes of cynomolgus monkeys. 
In normal monkeys, unilateral topical ap- 
plication of 0.3%, 0.5%, or 1% UK14304- 
18 or B-HT 920 reduced (P<.05) intraocu- 
lar pressure bilaterally up to 9.9+1.2 mm 
Hg (mean+SEM) and 8.4+1.4 mm Hg in 
treated and contralateral eyes, respec- 
tively. Five-day twice-daily 0.5% 
UK14304-18 administration reduced 
(P<.05) intraocular pressure up to 49% in 
eight glaucomatous monkeys. In eight 
normal monkeys, 0.5% B-HT 920 and 
0.5% UK14304-18 produced no alter- 
ations in outflow facility. Following uni- 
lateral application of 0.5% B-HT 920 or 
0.5% UK14304-18, fluorophotometrically 
measured aqueous humor production 
was reduced (P<.05) bilaterally up to 
67% compared with baseline values. 
Also, 0.5% UK14304-18 reduced (P<.025) 
systolic and diastolic blood pressure. 
UK14304-18 and B-HT 920 seem to re- 
duce intraocular pressure by decreasing 
aqueous production. They are potential 
new agents for the treatment of 
glaucoma. 

(Arch Ophthalmol. 
1162) 


1991;109:1158- 


elective a-adrenergic agonists and 
antagonists have been shown to be 
effective ocular hypotensive drugs. 
Clonidine hydrochloride, a selective a,- 
adrenergic agonist, reduces intraocu- 
lar pressure (IOP) in laboratory ani- 
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mals’” and in patients with open angle 
glaucoma ^; however, it causes system- 
ic hypotension after topical administra- 
tion." Apraclonidine hydrochloride, a 
derivative of clonidine, is less lipophilic 
than clonidine, is less readily trans- 
ported across the blood-brain barrier," 
and has limited effects on systemic 
blood pressure.'* This drug has recent- 
ly been introduced for the short-term 
treatment of IOP elevations following 
anterior segment laser procedures." 

Corynanthine tartrate, a selective 
a-adrenergic antagonist, decreased 
IOP in animal studies without altering 
outflow facility or aqueous humor flow 
rates,’ perhaps acting by increasing 
uveoscleral outflow. Corynanthine de- 
creased IOP in single-dose clinical 
studies in patients with ocular hyper- 
tension. Unfortunately, tachyphylaxis 
developed with long-term administra- 
tion of corynanthine.” Clinical trials of 
dapiprazole hydrochloride, a selective 
a-adrenergic blocker, demonstrated 
reductions of IOP” without tachyphy- 
laxis or substantial alterations of ac- 
commodation or anterior chamber 
depth. * 

A selective a-adrenergic drug that 
substantially lowers IOP on repeated 
application without significant side ef- 
fects may be a welcome addition to the 
treatment of glaucoma. UK14304-18 is 
structurally similar to clonidine” and is 
more potent at o,-receptors." B-HT 
920 is structurally different from cloni- 
dine but induces similar cardiovascular 
effects in cats." These two selective 
a,-adrenergic agonists, B-HT 920" and 
UK14304-18,"" produce substantial 
lowering of IOP in rabbits. The effects 
of these two drugs on IOP following 
short- and long-term administration 
and the mechanism by which they re- 


duce IOP has been evaluated in mon- 
keys in this study. 


MATERIALS AND METHODS 


Eight adult female cynomolgus monkeys 
weighing 4 to 5 kg were used for each drug 
trial. For all experiments the monkeys 
were anesthetized with intramuscular keta- 
mine hydrochloride (3 mg/kg) and seated in 
specially designed chairs. Intraocular pres- 
sure was measured after topical application 
of 0.5% proparacaine hydrochloride with a 
pneumatonograph (model 30R, Digilab Inc, 
Cambridge, Mass) manometrically calibrat- 
ed for the monkey eyes. Normal monkeys 
received UK14304-18 and B-HT 920 pre- 
pared as solutions in normal saline at a pH 
of 7 in concentrations of 0.3%, 0.5%, and 
1%. Solution, 50 uL, was applied topically, 
randomly, to one eye and an equal volume 
of vehicle (saline) was applied to the contra- 
lateral eye. Intraocular pressure measure- 
ments were performed at 0 hour prior to 
drug administration and at 0.5, 1, 2, 4, and 
6 hours, and if indicated, 24 hours after 
drug administration. In normal monkeys 
the 0-hour predrug administration mea- 
surement was the baseline value against 
which drug-treated IOP measurements 
were compared. 

The IOP effects of a single dose of 0.5% 
B-HT 920 and of single and multiple doses 
of 0.5% UK14304-18 were evaluated in mon- 
keys in which glaucoma had been induced 
by repeated argon laser application to the 
trabecular meshwork. For all studies IOPs 
were measured at 0 hour (9 AM), 0.5, 2, 4, 
and 6 hours. The day prior to single-dose 
application of UK14304-18 or B-HT 920, the 
animals were treated with normal saline 
(vehicle) at 9:30 AM. On the following day, a 
single dose of 0.5% UK14304-18 or 0.5% 
B-HT 920 was administered at 9:30 AM. 
Diurnal IOP curves on the saline-treated 
day, considered the baseline for single-dose 
studies, were compared with drug-treated 
diurnal IOP eurves. For the multiple-dose 
study, 0.5% UK14304-18 was administered 
twice daily for 5 days at 9:30 AM and 
3:30 PM. A baseline day of IOPs was taken 
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Fig 1.— Effects of 0.3% (triangles), 0.5% (circles), and 1% (squares) 
B-HT 920 on intraocular pressure (IOP) in the treated eye of eight 
normal monkeys. Points represent mean change in IOP from baseline 
values and the limits - SEM change. Asterisk indicates statistically 
significant reduction in IOP compared with baseline values (two-tailed 
paired t test, P<.05). 


Fig 2.— Effects of 0.3% (triangles), 0.5% (circles), and 196 (squares) 
B-HT 920 on intraocular pressure (IOP) in the control eye of eight 
normal monkeys. Points represent mean change in IOP from baseline 
values and the limits + SEM change. Asterisk indicates statistically 
significant reduction in IOP compared with baseline values (two-tailed 
paired t test, P<.05). 
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Fig 3. — Effects of 0.3% (triangles), 0.5% (circles), and 1% (squares) 
UK14304-18 on intraocular pressure (IOP) in the treated eye of eight 
normal monkeys. Points represent mean change in IOP from baseline 
values and the limits x SEM change. Asterisk indicates statistically 
significant reduction in IOP compared with baseline values (two-tailed 


Fig 4.— Effects of 0.396 (triangles), 0.5% (circles, and 1% (squares) 
UK14304-18 on intraocular pressure (IOP) in the control eye of eight 
normal monkeys. Points represent mean change in IOP from baseline 
values and the limits + SEM change. Asterisk indicates statistically 
significant reduction in IOP compared with baseline values (two-tailed 


paired t test, P—.05). 


on the day preceeding the vehicle (saline) 
treatment. Intraocular pressure was mea- 
sured at 0 hours (9 AM), 0.5, 1, 2, 4, and 
6 hours on the baseline day, the vehicle day, 
and the five 0.5% UK14304-18 treatment 
days. For statistical analysis, IOP on the 
five drug treatment days was compared 
with baseline and vehicle-treated days. 

The 0.5% concentrations of UK14304-18 
and B-HT 920 were used to evaluate the 
mechanism by which the drugs reduced IOP 
in normal monkeys. Outflow facility was 
measured using an electronic indentation 
tonograph (Aleon EDT-103) prior to drug 
administration and was repeated 2 hours 
following unilateral B-HT 920 application 
and 3 hours following unilateral UK14304- 
18 application. Aqueous humor flow mea- 
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paired t test, P<.05). 


surements were performed using a scan- 
ning fluorophotometer (Coherent Fluoro- 
tron, Coherent, Palo Alto, Calif) and soft- 
ware analysis package. Fluorescein was 
iontophoresed into the central corneas of 
both eyes for 4 minutes each evening pre- 
ceding flow measurements. Aqueous humor 
flow was measured hourly for 4 hours be- 
ginning at 9:30 AM, approximately 16 hours 
following iontophoresis. On day 1, baseline 
aqueous humor flow rates were measured. 
On day 2, one dose of drug was applied 
unilaterally at 8:30 AM and flow was again 
measured for 4 hours beginning at 9:30 AM. 

Brachial blood pressure was measured 
hourly for 4 hours with a pediatric blood 
pressure cuff on eight normal monkeys fol- 
lowing 0.5% UK14304-18 administration. 


Institutional and Association for Research 
in Vision and Ophthalmology guidelines re- 
garding animal experimentation were fol- 
lowed. Statistical analyses were performed 
with the two-tailed paired t test. 


RESULTS 


The unilateral topical application of 
B-HT 920 to normal monkey eyes sig- 
nificantly (P<.05) reduced IOP bilat- 
erally for 1 hour after administration of 
0.3% BHT-920, for 4 hours after ad- 
ministration of 0.596 B-HT 920, and for 
2 hours following 196 B-HT 920, as 
compared with baseline, predrug ad- 
ministration values (Figs 1 and 2). The 
maximum reduction in IOP occurred 
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Fig 5.—Effects of 0.5% B-HT 920 (closed circles) on intraocular 
pressure (IOP) in eight glaucomatous monkeys eyes. Points repre- 
sent means and the limits + SEM. Asterisk indicates statistically signif- 
icant reduction in IOP compared with vehicle values (open circles) 


(two-tailed paired t test, P<.05). 
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Fig 6.— Effects of 0.5% UK14304-18 (closed circles) on intraocular 
pressure (IOP) in eight glaucomatous monkey eyes. Points represent 
means and the limits + SEM. Asterisk indicates statistically significant 
reduction in IOP compared with vehicle values (open circles) (two- 


tailed paired t test, P<.05). 


IOP, mm Hg 


Fig 7.— Effect of twice-daily administration (9:30 AM and 3:30 PM) of 
0.5% UK14304-18 to eight glaucomatous monkeys for five days. 
Points represent means of baseline (open circles), day 1 (closed 
circles), and day 5 (squares) of treatment and the limits + SEM. Aster- 
isk indicates statistically significant reduction in intraocular pressure 
(IOP) compared with vehicle-treated values (two-tailed paired t test, 


P<.05). 


2 hours after 1% B-HT 920 administra- 
tion and was 5.6+1.5 mm Hg (mean- 
+SEM) in the treated eye and 
6.1+1.5 mm Hg in the contralateral 
eye. 

The unilateral topical application of 
0.3% UK14304-18 to normal monkey 
eyes significantly (P<.05) reduced 
IOP in the treated eye for 2 hours and 
in the contralateral eye at 0.5 hours 
compared with baseline values. The 
0.5% and 1% concentrations reduced 
(P<.05) IOP bilaterally for at least 
6 hours. The 0.5% concentration in- 
duced the maximum IOP reduction, 
which was 9.9+1.2 mm Hg in the 
treated eye at 3 hours, and 8.4+1.4 
mm Hg and 8.4+1.6 mm Hg in the 
contralateral eye at 3 and 4 hours, 
respectively (Figs 3 and 4). 

Intraocular pressure was followed 
for and reduced (P<.05) for at least 
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6 hours following 0.5% B-HT 920 ad- 
ministration in glaucomatous monkey 
eyes compared with vehicle-treated di- 
urnal IOP curves (Fig 5). Intraocular 
pressure was reduced (P<.05) for 24 
hours following 0.5% UK14304-18 ad- 
ministration to glaucomatous monkey 
eyes (Fig 6). Maximum IOP reductions 
were 19.8+3.0 mm Hg 5 hours follow- 
ing B-HT 920 administration and 
22.3+3.2 mm Hg 4 hours following 
UK14304-18 administration. Intraocu- 
lar pressures were similar on the base- 
line day and vehicle-treated day prior 
to twice-daily dosing of UK14504-18. 
Twice-daily administration of 0.5% 
UK14304-18 to glaucomatous monkey 
eyes reduced IOP for at least 6 hours 
following the first daily dose and for 
18 hours following the second daily 
dose compared with vehicle-treated or 
baseline diurnal IOP measurements 





(Fig 7). Neither enhancement nor re- 
duction of IOP effect was noted during 
the 5 days of treatment. 

Mechanism studies revealed no al- 
terations (P>.30) in tonographically 
measured outflow facility 2 hours fol- 
lowing 0.5% B-HT 920 application and 


3 hours following topical 0.5% 
UK14304-18 application (Table 1). In- 
traocular pressure was significantly 
(P<.05) reduced in the treated eyes 
2 hours following B-HT 920 adminis- 
tration and 3 _ hours following 
UK14304-18 administration. Aqueous 
humor flow rates were reduced 
(P<.05) for 4 hours by 59% in the 
treated eyes and 53% in the contralat- 
eral eyes following 0.5% B-HT 920 
administration and 6756 in the treated 
eyes and 6346 in the contralateral eyes 
following 0.5% UK14304-18 adminis- 
tration, as compared with baseline val- 
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Table 1.—Effects of the Selective 
& Adrenergic Agonists B-HT 920 and 
UK14304-18 on Outflow Facility in 
Eight Normal Monkeys * 











Outflow Facility, 
Mean + SEM, „L/min 
per mm Hg 
———————————— 
0.5% 0.5% 
B-HT 920 UK14304-18 


Treated eyes 0.58 + 0.04 0.57 + 0.07 
Baseline 0.59 + 0.03 0.57 + 0.04 
Control eyes 0.63 + 0.03 0.53 + 0.04 


Baseline 0.60 + 0.02 0.56 + 0.03 


* Outflow facility was measured prior to and 2 hours 
following unilateral B-HT 920 application and prior to 
and 3 hours following unilateral UK 14304-18 appli- 
cation. 
















ues (Table 2). Systolic and diastolic 
blood pressures were reduced 
(P<.025), respectively, up to 14.4+1.6 
mm Hg and up to 9.0+1.8 mm Hg for 
4 hours following 0.5% UK14304-18 
administration (Table 3). 


COMMENT 


The role of the a-adrenergic system 
in the modulation of aqueous humor 
dynamics is unclear. Evaluation of se- 
lective a-adrenergic agents suggests 
that the a,- and o,-receptors have dif- 
ferent effects on IOP. The selective a,- 
agonists phenylephrine hydrochloride 
and ST-587 induce an initial rise in 
IOP, whereas the selective a,-agonists 
B-HT 920 and B-HT 933 produce pro- 
longed ocular hypotension in rabbits.” 
It has been suggested that the initial 
ocular hypertensive phase following 
topical application of selective a-ago- 
nists may be due to contraction of the 
extraocular muscles.” 

This study was designed to evaluate 
the effects of the selective «,-adrener- 
gic agonists B-HT 920 and UK14304-18 
on IOP and aqueous humor dynamics 
in monkeys. The single-dose response 
data suggested that 1% is the most 
efficacious of the three concentrations 
of B-HT 920 tested and 0.5% may be at 
the top of the dose-response curve for 
UK14304-18 in normal monkeys. Both 
drugs reduced IOP bilaterally in nor- 
mal monkey eyes following unilateral 
application. Burke and Potter,” using 
similar concentrations of UK14304-18, 
also found bilateral lowering of IOP in 
normal monkeys following unilateral 
administration. The reductions of IOP 
were of greater magnitude in the con- 
tralateral eye than in the treated eye. 
Reduction in IOP in the untreated 
contralateral eye following topical ap- 
plication of a,-adrenergic agonists may 
be explained by systemic transfer of 
drug, systemic alterations in blood 
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Table 2.—Effects of the Selective 
a,-Adrenergic Agonists B-HT 920 and 
UK14304-18 on Aqueous Humor Flow 
Rates in Eight Normal Monkeys 








Aqueous Humor Flow, 
Mean + SEM, 
uL / min 
————————————— 
0.5% 0.5% 
UK 14304-18 B-HT 920 


Treated eyes 05+02* 0.7 ++0.2* 


Baseline 1.4 = 0.1 15 $ 0.1 
Control eyes 0.5 + 0.2* 0.7 + 0.3* 


Baseline 1.3 + 0.2 1.5 + 0.1 


* Significant reduction in aqueous humor flow rates 
for 4 hours following unilateral drug administration 
compared with baseline measurements (two-tailed 
paired t test, P < .05). 




















pressure or pulse rate, or mediation 
through central nervous system ponto- 
medullary a-receptors.? 

In this study, UK14304-18 induced a 
greater magnitude and longer duration 
of IOP reduction in normal monkey 
eyes than B-HT 920 when both agents 
were administered at the same concen- 
trations. Thus, UK14304-18 was used 
for multiple-dose testing. Twice-daily 
administration of UK14304-18 to glau- 
comatous monkey eyes reduced IOP 
up to 49% with a duration of effect of at 
least 18 hours following the second 
daily dose, without the development 
of tachyphylaxis over 5 days of 
treatment. 

Reductions in aqueous humor flow 
rates in this study of up to 6796 in 
monkeys with B-HT 920 and UK14304- 
18 are substantially greater than have 
been found with intravenous acetazola- 
mide which reduced aqueous formation 
39% in normal monkeys (J.B.S., un- 
published data, 1982) and in clinical 
evaluations of clonidine,” timolol male- 
ate,” betaxolol hydrochloride," levo- 
bunolol hydrochloride," or acetazola- 
mide." One percent apraclonidine, a 
selective o,-adrenergie agonist cur- 
rently in clinical use for suppression of 
postlaser IOP spikes, reduced aqueous 
humor flow rates up to 3496 in human 
volunteers.” 

a-Adrenergic receptors mediate va- 
soconstriction. The effects of selective 
a-adrenergic agonists on ocular blood 
flow are of concern. Microsphere stud- 
ies demonstrate no alterations in ocu- 
lar blood flow during 1 hour following 
topical administration of B-HT 920 to 
anesthetized rabbits and small reduc- 
tions in ocular blood flow in conscious 
rabbits.“ Blood flow to the anterior 
segment but not to the posterior seg- 
ment of cats and monkeys, when mea- 
sured using microspheres, is reduced 
by apraclonidine.” Conjunctival oxy- 
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Table 3.— Effects of the Selective 
a,-Adrenergic Agonist UK 14304-18 
on Systolic and Diastolic Blood 
Pressure in Eight Monkeys 








Blood Pressure, 
mm Hg, 
mean + SEM 
———_—-_- 
Baseline 2h 4h 

















Systolic 
Treated 119+3 101+2* 106 + 2* 
Baseline 121+2 114+4 115 £3 
Diastolic 
Treated 77-2 63+2* 68-2* 
Baseline 762+ 1 /2$2 74 «t 1 






* Significant reductions in blood pressure following 
drug application compared with baseline measure- 
ments (two-tailed paired t test, P < .025). 


gen tension is reduced in human volun- 
teers following topical apraclonidine 
administration," lending support to 
the results of the microsphere experi- 
ments. Blood pressure has been vari- 
ably reported to be unaltered"* or re- 
duced" in clinical trials of 
apraclonidine. Statistically significant 
reductions in systolic and diastolic 
blood pressure were found in the mon- 
keys following topical UK14304-18 ap- 
plication in our study. 

Selective a,-adrenergic agonists rep- 
resent a new class of drugs for the 
treatment of glaucoma. UK14304-18 
and B-HT 920 may be effective agents 
for clinical use. Long-term clinical tri- 
als, evaluations of additivity to other 
agents that suppress aqueous humor 
formation, and further exploration into 
the effects of these drugs on blood 
supply to the eye need to be carried 
out. 
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Opheim, PhD; Dana K. Cummings, ARNP; S. Rae Mackay; Jacqueline Benedetti, PhD; Law- 
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Neurosyphilis in Human Immunodeficiency Virus Type 1-Seropositive Individuals: 
A Prospective Study 
Joseph R. Berger, MD (Arch Neurol. 1991;48:700-702) 


The Pseudotumor Syndrome: Disorders of Cerebrospinal Fluid Circulation Causing 
Intracranial Hypertension Without Ventriculomegaly 
Ian Johnston, MBChB, FRCS, FRACS; Simon Hawke, MBBS, FRACP; Michael Halmagyi, 
MBBS, FRACP; Charles Teo, MBBS (Arch Newrol. 1991;48:740-747) 
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It's not just that the 

IRIS Laser Indirect 
»- Ophthalmoscope has 
fully enclosed 
opticsthat — 4 
makes it so 
great. But 
the protec- 
tion it pro- 
vides from possible 
misalignment or contamination  »osics,:oo. 
assures your laser beam delivery is where you 
expect it to be every time. 

On the other hand, you might be just as 
impressed with the laser aiming/treatment and 
the illumination beams, with independent con- 
trols for each, that follow the same path through 
,the LIO. You're guaranteed being able to see 
clearly in the treatment area, even in the far 

periphery of the eye. 
| The 810nm diode wavelength 
eliminates the color distortion that 
. results from filters required during 
argon laser treatment. And 









A growing family of probes 
includes future capability for 
transscleral treatment of retinal 
jf detachments and glaucoma. 


Superior 
illumination and optics 

will make you want to 

use the IRIS LIO for diag- 












our clear, non-moving eye safety filter protects 
your own eyes, eliminating the risk of mechanical 
malfunctions possible with other LIOs. 

If you already own an OcuLight* SL, you 
have experienced the portability and reliability of 
diode lasers. 

Now you can easily upgrade your system to the 
new SLx for 3W of power, delivery up to 1.5W 
through the LIO — it's compatible with both 
OcuLight models. And you'll still have expansion 
capability for new delivery systems and applica- 
tions as they 're approved. 

An investment in one laser source from 
IRIS Medical is equipment that only gains in value 
for your practice. 





Portability and standard power outlets, or even battery 
power, allow you to treat wherever you want to be. 


Call us now for a free demonstration, clinical 
articles, or information on seminars that will help 
put these products to work for you. 

Find out why more doctors are using this 
wavelength. And how this LIO 

& cangive you aclear 
view of the future. 


TM 


IRIS 
Medical 


800-388-4747 
See us at AAO, Booth 7704-707 


© 1991 IRIS Medical. OcuLight is a registered trademark of IRIS Medical. 
340 Pioneer Way, Mountain View, CA 94041 415-962-8100 


The Osler Institute 


Ophthalmology Boards Review Course 


November 15-20, 1991 — St. Louis 


Now, your course for written and oral exams offers unlimited mock orals 
Immediately before the board exams 


OBJECTIVES 


e Improve basic and clinical knowledge in ophthalmology 
e Assist residents and fellows to study efficiently 
e Prepare candidates to take their board examinations 


METHODS 


e HOME STUDY assignments with questions and answers 
€ SEMINAR with projection-slide lecture and syllabus 
e PRACTICE EXAMS with oral and written parts 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, | "...remarkably complete and pleasant....* 


not only from world-famous authorities but from people who are relatively unknown as well."* 
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Pharmacology 
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Anterior Angle 
Glaucoma 
Lens and Trauma 


Optics and Refraction 
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Laser Surgery 
Macula 
Vascular Disease 


Neuro-ophthalmology 
Neuroanatomy 
Optic Nerve 
Visual Pathways 
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Oculomotor System 


Ocular Surface 
External Disease 
Cornea 
Conjunctiva and Sclera 


Pediatric Eye 
Congenital Disorders 
Genetic Disorders 
Strabismus 


Intraocular 
Inflammation 
Uveal Tract 
Ocular Tumors 


Orbit and Adnexa 
Orbit and Eyelids 
Lacrimal System 
Plastic Surgery 


Medical Problems 
Immunology 
Endocrinology 
Systemic Diseases 
Emergencies 


Ophthalmic Pathology 
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External Eye 
Anterior Segment 
Posterior Segment 


Faculty 
Devron Char, M.D. 
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Jayne Weiss, M.D. 
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Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 


COURSE: The course is held the week before 
written and oral exams in the exam city. Home 
study questions will be sent before the course 
— which will include lectures and syllabus. 
Also, you may buy unlimited half-hour one- 
on-one mock oral exams. The optional extra 
day, November 21, includes one mock oral 
exam and observation of seven or more hours 
of other exams. Past participants recommend 
taking the course well before your exam and 
repeating for half price the week before your 
written exam and your oral exam. 


"Accommodations were comfortable...."* 


LOCATION: The November course will be 
at the Airport Hilton, St. Louis. Our group 
discount rates are $96 single and $106 double. 


" and those little extras...."* 


DISCOUNT AIR FARES: Please call toll- 
free 1-800-548-8185 for group discount rates. 


"the most education for the money...’ 
FEES AND CATEGORY 1 HOURS: 


Physician or Resident: Phy. Res. Hrs. 
e Six day course: $720 $480 60 
repeating within 2 years: $360 $360 60 
e Extra mock orals day: $150 $150 8 
e Mock oral exams: $ 70 $ 70 1⁄2 
e Private mock orals: $100 $100 1/2 


e Add 10% within 10 days of the course. 

e Attendees not in course hotel add $20/day. 

e A deposit of $50 will reserve your position. 

e Subject to a $50 fee, refunds will be made 
until the seminar begins. 

e Most home study materials will be mailed 
after half of the registration fee is received. 


"home study material was extremely helpful."* 


| ACCREDITATION: Cornell University 
* Medical College designates this Continuing 
* Medical Education activity for up to 68 credit 
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TOUGH ON PATHOGENS, GENTLE ON PATIENTS 


In treating ocular infection, prescribed ocular antibiotic 
TOBREX® (tobramycin 0.3%) worldwide. In fact, many regard 
is the one word that says it all. TOBREX as the “gold standard" 
Other antibiotics that work bacte- against which other antibiotics 
riostatically merely inhibit the E are measured. 


growth of common ocular patho- 
gens. 'OBRENX actually destroys 
them. Because it is bactericidal 
and offers broad spectrum spectrum coverage, and 
coverage, and because it superior patient comfort. Remem- 
provides superior patient com- ber the one word that says it all. 
fort, TOBRENX is the most widely Prescribe TOBREX. 


When prescribing for 
ocular infection, you want 
bactericidal action, broad 
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Tobrex? 


(tobramycin 0.3%) 
Ophthalmic Solution 
and Ointment 


DESCRIPTION: TOBREX® (tobramycin 0.3%) is a sterile topical ophthalmic antibiotic 
formulation prepared specifically for topical therapy of external infections. This product 
is supplied in solution and ointment forms. Each mL of solution contains: Active: 
Tobramycin 0.3% (3 mg). Preservative: Benzalkonium Chloride 0.01% (0.1 mg). Inactive: 
Boric Acid, Sodium Sulfate, Sodium Chloride, Tyloxapol, Sodium Hydroxide and/or Sulfuric 
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Each gram of ointment contains: Active: Tobramycin 0.396 (3 mg). Preservative: Chloro- 
butanol 0.596 (5 mg). Inactive: Mineral Oil and White Petrolatum. DM-00 


Tobramycin is a water-soluble aminoglycoside antibiotic active against a wide variety 
of gram-negative and gram-positive ophthalmic pathogens. The chemical structure of 


tobramycin is: 
CLINICAL PHARMACOLOGY: /n Vitro Data: In vitro studies 
have demonstrated tobramycin is active against susceptible 
CH,NH, NH, strains of the following microorganisms: Staphylococci, 
O NH, including S. aureus and S. epidermidis (coagulase-positive 
(on Y and coagulase-negative), including penicillin-resistant 
HO Oo 


strains. 
NH T Streptococci, including some of the Group A beta-hemolytic 
=O species, some nonhemolytic species, and some Streptococ- 
id cus pneumoniae. 
uu. fg Pseudomonas aeruginosa, Escherichia coli, Klebsiella 
bu pneumoniae, Enterobacter aerogenes, Proteus mirabilis, 


Morganella morganii, most Proteus vulgaris strains, Haemo- 

philus influenzae and H. aegyptius, Moraxella lacunata, and 
Chemical name Acintobacter calcoaceticus and some Neisseria species. 
0-{3-amino-3-deoxy-a-D- Bacterial susceptibility studies demonstrate that in some 
gluco-pyranosyl-(1w4))-Ü- ^ cases. microorganisms resistant to gentamicin retain sus- 
reiecit m ceptibility to tobramycin. A significant bacterial population 
Mene era A. resistant to tobramycin has not yet emerged; however, 
deoxystreptamine. bacterial resistance may develop upon prolonged use. 

INDICATIONS AND USAGE: TOBREX is a topical antibiotic 
indicated in the treatment of external infections of the eye and its adnexa caused by 
susceptible bacteria. Appropriate monitoring of bacterial response to topical antibiotic 
therapy should accompany the use of TOBREX. Clinical studies have shown tobramycin 
to be safe and effective for use in children. 
CONTRAINDICATIONS: TOBREX Ophthalmic Solution and Ointment are contraindicated 
in patients with known hypersensitivity to any of their components. 
WARNINGS: NOT FOR INJECTION INTO THE EYE. Sensitivity to topically applied aminogly- 
cosides may occur in some patients. If a sensitivity reaction to TOBREX occurs, discon- 
tinue use. 
PRECAUTIONS: General. As with other antibiotic preparations, prolonged use may result 
in overgrowth of nonsusceptible organisms, including fungi. If superinfection occurs, 
appropriate therapy should be initiated. Ophthalmic ointments may retard corneal wound 
healing. 
Information For Patients: Do not touch dropper or tube tip to any surface, as this may 
contaminate the contents. 
Pregnancy Category B. Reproduction studies in three types of animals at doses up to 
thirty-three times the normal human systemic dose have revealed no evidence of impaired 
fertility or harm to the fetus due to tobramycin. There are, however, no adequate and well- 
controlled studies in pregnant women. Because animal studies are not always predictive 
of human response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers. Because of the potential for adverse reactions in nursing infants from 
TOBREX, a decision should be made whether to discontinue nursing the infant or 
discontinue the drug, taking into account the importance of the drug to the mother. 
ADVERSE REACTIONS: The most frequent adverse reactions to TOBREX Ophthalmic 
Solution and Ointment are localized ocular toxicity and hypersensitivity, including lid itching 
and swelling, and conjunctival erythema. These reactions occur in less than three of 
100 patients treated with TOBREX. Similar reactions may occur with the topical use of 
other aminoglycoside antibiotics. Other adverse reactions have not been reported from 
TOBREX therapy; however, if topical ocular tobramycin is administered concomitantly 
with systemic aminoglycoside antibiotics, care should be taken to monitor the total serum 
concentration. 
In clinical trials, TOBREX Ophthalmic Ointment produced significantly fewer adverse 
reactions (3.7%) than did GARAMYCIN® Ophthalmic Ointment (10.6%). 
OVERDOSAGE: Clinically apparent signs and symptoms of an overdose of TOBREX 
Ophthalmic Solution or Ointment (punctate keratitis, erythema, increased lacrimation, 
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Solution: In mild to moderate disease, instill one or two drops into the affected eye(s) 
every four hours. In severe infections, instill two drops into the eye(s) hourly until 
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Ointment: In mild to moderate disease, apply a half-inch ribbon into the affected eye(s) 
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Millions Go 


Widely Untreated 








A Depression Teleconference 
sponsored by the American 
Medical Association and the 
National Institute of Mental Health 
According to the National Institute of 
Mental Health, over 10 million 
Americans will suffer from depression at 









least once in their lives. 







Most patients are not seen by mental 
health professionals, but by primary care 
physicians. 






The American Medical Association and 
the National Institute of Mental Health 
are sponsoring a three-part teleconfer- 
ence at no cost to you, offering the 
primary care physician important 
information on diagnosing and treating 
depression among patients. 










You are invited, and encouraged, to 
attend this important series. There will 
be numerous satellite link-ups at 
hospitals throughout the United States. 
Call now to register and to find out the 
location nearest you. 


Schedule: 

Program One: 

Epidemiology, Etiology, Diagnosis 
October 24, 1991 

2:00-3:30 pm (ET) 


Program Two: 

Treatment: Pharmacology and 
Psychotherapy 

November 21, 1991 

2:00-3:30 pm (ET) 


Program Three: 

Depression Among Special Populations 
December 11, 1991 

2:00-3:30 pm (ET) 


To register for this free teleconfer- 
ence and to find out the location 
nearest you, call TOLL-FREE 
1-800-262-3211. 


The American Medical Association is accredited by the 
Accreditation Council for Continuing Medical 
Education to sponsor continuing medical education for 
physicians. The American Medical Association 
designates this continuing medical education activity for 
1.5 credit hours of Category 1 of the Physician's 
Recognition Award of the American Medical 
Association. 





























This program has been reviewed and is acceptable for 
1.5 prescribed hours by the American Academy of 
Family Physicians. 






The American College of Obstetricians and 
Gynecologists has assigned 2 cognates (formal learning) 
to this program. 
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Amelanotic Malignant Melanoma 


of the Eyelid 


38-year-old man was referred for treat- 

ment of a suspected basal cell carcino- 
ma of the right lower eyelid. The tumor had 
been present for 2 months and appeared to 
arise from previously normal skin based 
on clinical history and review of old 
photographs. 

A firm, slightly erythematous, ill-defined 
nodule involving the lateral half of the right 
lower lid was ulcerated to the conjunctival 
mucosa (Fig 1). Results of a wedge biopsy 
revealed a high-grade malignant tumor. 
The diagnosis of malignant melanama was 
established using results of immunohisto- 
chemical stains, which were strongly posi- 
tive for S100 protein and HMB-45 and 
negative for low- and  high-molecular- 
weight cytokeratins. He had no evidence of 
regional or systemic metastasis (stage I). 
The tumor was excised using rush perma- 
nent sections to determine the adequacy of 
the surgical margins.' After the margins 
were deemed tumor-free, the surgical de- 
fect was closed using a Hughes procedure 
and rotational musculocutaneous flap. 

Histopathologic examination of the ex- 
cised tumor revealed a predominantly nodu- 
lar pattern of growth extending 1.5 mm into 
the ulcerated surface (Figs 2, 3, and 4). 
Consultants recommended an ipsilateral 
neck dissection. No tumor was found in 33 
lymph nodes from the anterior neck or in 
the parotid gland. 


COMMENT 


The eyelid skin is an uncommon loca- 
tion for malignant melanoma. Only 32 


such cases were reported in the two 
largest series investigating the sub- 
ject.” Although pigmentation is con- 
sidered a hallmark of cutaneous mela- 
noma, half of the lid melanomas 
reported by Garner et al^ were clinical- 
ly nonpigmented. The prognosis for 
patients with cutaneous melanoma is 
closely correlated with the melanoma's 
depth of invasion.' Tumors more than 
1.5 mm deep are usually associated 
with a poor prognosis. 


ALAN LESSNER, MD 
MACK SEXTON, MD 
CURTIS E. MARGO, MD 
Gainesville, Fla 
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Fig 1.—A4-mm ulcerated nodule of the right lower eyelid grew rapidly 
over 2 months. 





Fig 2.—Full-thickness cross section of the 
eyelid demonstrates tumor invading deep 
into the tarsus. The ulcerated skin surface 
faces the right (hematoxylin-eosin, original 
magnification x 24). 
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abundant cytoplasms, large hyperchromatic nuclei, and promi- 
nent nucleoli (hematoxylin-eosin, original magnification 
x 390). 
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Fig 4.— Tumor cells at upper left stained positive with HMB-45 
antimelanoma antibody. Inflammatory cells at lower right were 


nonreactive 
x 390). 


(immunoperoxidase, original magnification 
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Surgical Technique 


A Simple Method of Conjunctival 
Dissection for Gunderson Flaps 


Leo J. Maguire, MD, Douglas R. Shearer, MD 


e In this study we describe a method 
for simplifying the often frustrating and 
time-consuming task of dissecting con- 
junctiva from underlying Tenon's cap- 
sule during Gunderson flap procedures. 
Using gentian violet marks as a guide, a 
needle and two pairs of scissors are 
used in series to separate superior bul- 
bar conjunctiva from the superficial lay- 
ers of Tenon's capsule along a series of 
semimeridians. The technique provides 
the surgeon with important landmarks, 
reduces the risk of inadvertent button- 
holing, and minimizes conjunctival re- 
traction caused by uneven dissection of 
Tenon's capsule. 

(Arch Ophthalmol. 
1169) 


1991;109:1168- 


Tre Gunderson conjunctival flap is 

an important surgical procedure in 
the treatment of a number of corneal 
conditions including corneal exposure, 
neurotrophic ulceration, keratomyco- 
sis, and herpetic keratitis." The surgi- 
cal technique has remained almost un- 
changed since its initial description in 
1958." Flap retraction may complicate 
the procedure when conjunctival but- 
tonholing occurs during flap dissection 
or when the flap is placed under ten- 
sion to allow complete coverage of the 
corneal surface. Any surgeon who has 
performed the operation on an eye 
with friable conjunctival tissue and en- 
gorged bulbar vasculature can attest 
to the difficulties encountered when 
dissection of a thin flap is attempted 
under these unfavorable conditions. 


Accepted for publication April 9, 1991. 

From the Department of Ophthalmology, Mayo 
Clinic, Rochester, Minn. Dr Shearer is now in 
private practice in Marquette, Mich. 

Reprint requests to Department of Ophthalmol- 
ogy, Mayo Clinic, 200 First St SW, Rochester, 
MN 55905 (Dr Maguire). 
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This article describes a method that 
simplifies the dissection and improves 
the chance of producing a manageable 
flap of uniform thickness. 


MATERIALS AND METHODS 


After débriding the corneal epithelium, a 
traction suture is placed in the perilimbal 
stroma at the 12-o'clock position and the 
eye retracted downward. The superior bul- 
bar conjunctiva is dried. An arcuate area 
15 mm posterior to the limbus between the 
10- and 2-o'clock semimeridians is marked 
with gentian violet, as is the superior part 


of the limbus at 1-mm intervals. Radial 
marks are placed from the limbus to the line 
15 mm distal to the limbus (Figure, left). 
The conjunctiva is dissected from the cor- 
nea at its insertion and the potential space 
entered between the conjunctival and Ten- 
on insertions with curved Vannas scissors. 
This narrow conjunctival flap is freed be- 
tween the 10- and 2-o'clock position marks. 
A 25-gauge needle is inserted bevel up 
directly below the conjunctival surface at 
the extreme right radial mark and the 
needle slowly directed radially as far as 
possible toward the 15-mm mark (Figure, 
right) A small amount of 2% lidocaine with 


Left, Schematic drawing showing the arrangement of gentian violet marks placed on the 
superior bulbar conjunctiva prior to dissection of the conjunctival flap. Radial marks extend from 
the limbus to a point 15 mm distal to the limbus to guide the needle insertion. Right, View of the 
needle passing between the conjunctiva and superficial Tenons layer. The conjunctiva must be 
taut and held in a plane parallel to the needle to avoid buttonholing. 
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epinephrine may be injected just anterior to 
the needle tip as it advances. The surgeon 
can ensure passage immediately below the 
conjunctival surface by confirming that the 
view of the needle tip through the conjunc- 
tiva remains transparent as the needle ad- 
vances. The conjunctiva through which the 
needle will be passed must be placed under 
tension and kept in the same plane as the 
needle to avoid buttonholing during needle 
advancement. A curved Vannas scissors is 
inserted into the needle track after the 
needle is withdrawn. The scissors is used to 
gently widen the initial dissection. A 
McPherson scissors is placed in the same 
track to widen the dissection further. The 
same procedure is repeated along the next 
set of radial marks. Once adjacent tracks 
are fashioned, the Tenon-conjunctival adhe- 
sion that separates them is easily cut flush 
to the undersurface of the conjunctiva with 
McPherson scissors. The dissection method 
is repeated for the remaining radial marks. 
A thin manageable flap with little tendency 
to roll or retract results. 

When the needle cannot advance safely to 
the line 15 mm distal to the limbus, the 
surgeon should dissect as far as safely pos- 
sible. Once the conjunctiva is free between 
the 10- and 2-o'clock position marks, the 
assistant can grasp Tenon’s capsule at the 
distal margin of the dissection and advance 
it toward the limbus. The distal adhesion 
between conjunctiva and Tenon's capsule is 
easily visualized, and the strong counter- 
traction on Tenon's capsule allows the con- 


1. Townsend WM. Conjunctival flaps. In: Kauf- 
man HE, Barron BA, McDonald MB, Waltman SR, 
eds. The Cornea. New York, NY: Churchill Living- 
stone Inc; 1988:669-681. 

2. Sanitano JJ, Kelley CG, Kaufman HE. Surgi- 
cal management of peripheral fungal keratitis (ker- 
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junetival dissection to be carried to the 
15-mm line using standard blunt dissection. 


COMMENT 


The classic review by Paton and 
Milauskas' of 122 cases emphasizes the 
following three vital features of suc- 
cessful conjunctival flap surgery: (1) 
absence of buttonholes, (2) thinness of 
the flap, and (3) absence of traction 
from the base of the flap. These goals 
are not always achieved easily when 
separation of the conjunctiva from 
Tenon’s capsule is attempted using the 
superior dissection approach advo- 
cated by Gunderson' or the limbal ap- 
proach suggested by Paton and Milaus- 
kas.' Both dissection approaches re- 
quire considerable manipulation of the 
conjunctiva, which increases the inci- 
dence of buttonholing. The use of blunt 
instruments avoids buttonholing but 
increases the likelihood of dissection 
along different tissue planes resulting 
in a thicker flap. The occurrence of 
focal areas of thick residual Tenon’s 
capsule on the undersurface of the flap 
leads to difficulty in stretching the flap 
over the cornea without traction. 
These methods of flap dissection are 
particularly difficult when the conjunc- 
tiva is injected and poor hemostasis 
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interferes with the surgeon’s view of 
the surgical field. 

The flap-dissection technique de- 
scribed in this article attempts to over- 
come these problems. A small sharp 
needle carefully advanced along a num- 
ber of superior semimeridians defines 
dissection tracks directly under the 
conjunctiva. The result is a long nar- 
row tunnel just below the conjunctival 
surface that can be widened with blunt 
dissection with scissors without worry 
of inadvertently invading deeper lay- 
ers of Tenon’s capsule. Removal of 
Tenon-conjunctival adhesions between 
adjacent tracks is easily performed 
without developing focal areas of thick 
residual Tenon’s capsule on the sub- 
conjunctival surface. Bleeding is re- 
duced and causes less interference dur- 
ing dissection, resulting in a thin, 
traction-free conjunctival flap without 
buttonholes. The method has been 
used in our last six cases without com- 
plication. It appears to work well in 
both young and elderly patients. 


This study was supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness Ine, New York, NY; grant EY03039 from 
the National Institutes of Health, Bethesda, Md; 
and a grant from the Mayo Foundation, Roches- 
ter, Minn. 


phic ulcers with conjunctival flaps. Am J Ophthal- 
mol. 1987;103:711-712. 

5. Gunderson T. Conjunctival flaps in the treat- 
ment of corneal disease with reference to a new 
technique of application. Arch Ophthalmol. 1958; 
60:880-888. 
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Instrumentation for Superior Cortex Removal 


Masayuki Horiguchi, MD 


e A recently developed aspiration tip 
and suction distributor for use in cata- 
ract surgery allow two-handed aspiration 
of the residual cortex lentis through the 
two incisions used in two-handed pha- 
coemulsification. The instruments also 
facilitate removal of the cortex lentis at 
the 12 o'clock position, which is some- 
times difficult to aspirate with an irriga- 
tion-aspiration tip only. 

(Arch Ophthalmol. 
1171) 


1991;109:1170- 


hacoemulsification is a common 

technique in the treatment of cata- 
racts. One of the most difficult process- 
es in phacoemulsification, however, is 
the removal of the cortex lentis at the 
12 o’clock position, especially when the 
pupil or the opening in the anterior 
capsule is small. I have developed a 
new, smaller aspiration tip, 0.63 mm 
wide, and a suction distributor that 
facilitate removal. 

This small tip can be introduced 
through a 1-mm incision at the 2 or 3 
o'clock position to aspirate the cortex, 
while the conventional aspiration-irri- 
gation tip supplies fluid to the anterior 
chamber through a 3-mm incision at 
the 12 o’clock position (Fig 1). The 
suction distributor allows continuous 
suction pressure via either tip. This 
procedure does not require great skill 
and facilitates maximum removal of 
the cortex lentis. 


MATERIALS AND METHODS 


This aspiration tip (Fig 2, top) is a stain- 
less steel tube 19 mm long and 0.63 mm 
wide. It has a 0.3-mm, 0.5-caliber aspiration 


Accepted for publication January 14, 1991. 

From the Department of Ophthalmology, Na- 
goya (Japan) University School of Medicine. 

Reprint requests to the Department of Ophthal- 
mology, Nagoya University School of Medicine, 
65 Tsuruma-cho, Showa-ku, Nagoya 466, Japan 
(Dr Horiguchi). 
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Fig 1.— Procedure for removing the cortex 
lentis at the 12 o'clock position using a small 
aspiration tip. Irrigating fluid is fed to the ante- 
rior chamber through the conventional irriga- 
tion-aspiration tip; suction pressure is sup- 
plied to the small tip via a suction distributor. 


port. The caliber of the irrigation-aspiration 
tip is 0.8 mm, but this difference does not 
affect suction pressure. 

The suction distributor (Fig 2, bottom) is 
designed to prevent occlusion by an emulsi- 
fied nucleus or the cortex lentis. It com- 
prises two stainless steel cylinders (A and 
B) separated by a thin silicon plate. Cylin- 
der A has one hole, and cylinder B has two, 
all 2.5 mm in diameter. Cylinder B turns to 
allow either hole to connect with the hole in 
cylinder A. The two tips are connected to 
the suction distributor, which is connected 
to the aspiration control system of the 
phacoemulsifier (Fig 3). Suction pressure 
can be provided to either tip through the 
holes in the eylinders by turning cylinder B 
manually. 


COMMENT 


This system has been successful in 
more than 50 cases of cortex lentis 
removal that I have performed in pa- 





Fig 2.—Top, The small aspiration tip and 
handpiece. The aspiration tip is 19 mm long 
and 0.63 mm wide. It has a 0.3-mm, 0.5-mm 
caliber, aspiration port. Bottom, The suction 
distributor comprises two stainless steel cyl- 
inders (A and B) separated by a thin silicon 
plate (C). Cylinder A has one hole, while cylin- 
der B has two holes, all 2.5 mm in diameter. 
All measurements are in millimeters. 


tients with small pupils or small cap- 
sule openings, and it was most useful 
in removing the cortex lentis at the 12 
o’clock position. When the cortex lentis 
was hard and could not be aspirated 
through the small tip, the cortex was 
peeled off the posterior capsule with 
the small tip and then aspirated with 
the irrigation-aspiration tip. This can 
be accomplished readily by having the 
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assistant or nurse turn the two-way 
cock. 

J-shaped disposable needles had 
been used for this purpose, but this 
required the surgeon to remove the 
irrigation-aspiration tip from the ante- 
rior chamber and inject a viscous mate- 
rial to support the anterior chamber. 





With my method, the surgeon can 
avoid pressure loss and instrument ex- 
change. The surgeon must make a 
second 1-mm incision for the small tip, 
unless two-handed phacoemulsification 
is performed. A 1-mm incision does not 
require suturing and has little effect on 
postoperative refraction. I have found 


Currently in Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 


Fig 3.— Connection between the irrigation- 
aspiration tip (large arrow), the small aspira- 
tion tip (small arrow), the suction distributor, 
and the phacoemulsifier aspiration control 
system. 


this procedure much easier than other 
techniques advocated for the removal 
of the cortex at the 12 o'clock position. 


The aspiration tip and the suction distributor 
are available from Nidek Co Ltd, 34-14, Hiroishi- 
cho, Gamagohri 443, Japan. 

The author has no financial interest in these 
instruments. 


An Overview of the Meta-analyses of the Hypertension Treatment Trials 
Marvin Moser, MD; Patricia Hebert, PhD; Charles H. Hennekens, MD 
(Arch Intern Med. 1991;151:1277-1279) 


Central Nervous System Side Effects of Nonsteroidal Anti-inflammatory Drugs: 

Aseptic Meningitis, Psychosis, and Cognitive Dysfunction 
Richard A. Hoppmann, MD; James G. Peden, MD; Scott K. Ober, MD 
(Arch Intern Med. 1991;151:1309-1313) 


Sarcoidosis of the Nervous System: A Clinical Approach 
Om P. Sharma, MD, FCCP, Adarsh M. Sharma, MD (Arch Intern Med. 1991:151:1317-1321) 


Excess Mortality Associated With Diuretic Therapy in Diabetes Mellitus 
James H. Warram, MD, ScD; Lori M. B. Laffell, MD, MPH; Paola Valsania, MD; 
A. Richard Christlieb, MD; Andrzei S. Krolewski, MD, PhD (Arch Intern Med. 1991;151:1350- 


1356) 


The Evaluation of Patients With Human Immunodeficiency Virus-Related Disorders 

and Brain Mass Lesions 
Christopher Cimino, MD; Richard B. Lipton, MD; Alan Williams, MD; Elaine Feraru, MD; 
Carol Harris, MD; Alan Hirschfeld, MD (Arch Intern Med. 1991;151:1381-1384) 


Improved Detection and Referral of Patients With Diabetic Retinopathy by 
Primary Care Physicians: Effectiveness of Education 
Carl C. Awh, MD; Howard P. Cupples, MD; Jonathan C. Javitt, MD, MPH 
(Arch Intern Med. 1991;151:1405-1408) 
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Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is publ ished 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive months and 
should be received at least 5 months prior to date of course, eg, for a June course by Jan 1 
to be included in the March, April, and May issues. A course held between the first and 
14th days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
600 N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


UIC 


Eye Center 


CALIFORNIA 


Second Internati Mtg: “Volunteer Eye-Sur- 
geons’ Assn” & Third-World “Free Sight-Res- 
toration” Groups At: Anaheim Dates: 10/11/91 
to 10/12/91 Contact: Robert C. Welsh, MD, 1600 
Onaway Dr, Miami, FL 33133; (305) 856-1375 
(evenings) 


22nd Ann Scientific Symp of the American Soc 
of Ophthalmic Plastic & Reconstructive Surg 
At: Anaheim Date: 10/12/91 Contact: Bradley 
N. Lemke, MD, 1025 Regent St, Madison, WI 
53715; (608) 258-4520 


1991 Joint Mtg of the American Acad of Oph- 
thalmol & the Pan-American Assn of Ophthal- 
mol At: Anaheim Dates: 10/13/91 to 10/17/91 
Contact: Mtgs Dept, American Acad of Ophthal- 


(Continued on p 1173.) 























PRESENTS: 


OCULAR INFLAMMATION: TODAY & TOMORROW 
4TH ANNUAL UIC EYE CENTER MEETING 


DATE: Friday, September 13 - Saturday, September 14, 1991 
LOCATION: UIC Eye Center 
1855 West Taylor Street The University of Illinois 


SOME TOPICS TO 
BE COVERED: 





UI 


Blepharitis and conjunctivitis, uveitis: an internist's view, AIDS and the eye, herpetic uveitis, syphilis and 
Lyme disease, arthritis and uveitis, uveitic glaucoma, ocular allergy, dry eyes, new developments in 
diagnosis of ocular viral infections, drug treatments of uveitis, and graft rejection. 


Chicago, IL 60612 at Chicago 





FEE: $300 for two-day meeting 

REGISTRATION 

FORM: Name Address 
City State Zip Phone 
Please check one: ___Check Enclosed __ MasterCard or Visa No. Signature: 





Mail registration form and payment to: Catherine Brod, 1855 West Taylor St. Chicago, IL 60612 or phone: (312)996-4747 
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mol, PO Box 7424, San Francisco, CA 94120- 
1424 


Med & Surg Retina in the 1990s At: Beverly 
Hills Dates: 10/11/91 to 10/12/91 Hrs Instr: 16 
Reg Fee: $500 Contact: Gretchen Falvo, Dir of 
Academic Prgms, Jules Stein Eye Inst, 100 Stein 
Plaza, UCLA, Los Angeles, CA 90024-7000; 
(213) 825-4617; FAX (213) 206-3652 


Uveitis & Retina Frontiers: Diagnostic, Med & 

Surg Approaches At: Carmel Dates: 9/13/91 to 
9/15/91 Contact: Univ of California, Extended 
Prgms in Med Edue, Room LS-105, San Francis- 
co, CA 94143-0742; (415) 476-4251; FAX (415) 
476-0318 


Clin Glaucoma in the 1990s: Thematics & Prag- 
matics At: San Francisco Dates: 9/27/91 to 
9/28/91 Symp: “Clin Decisions for Glaucoma 
Mgmt” Workshop: “Glaucoma: Diagnostic & 
Therapeutic Mastery” Hrs Instr: 9 Workshop 
Fee: $100 Contact: Joni Beemsterboer, Pacific 
Vision Foundation, 2340 Clay St, San Francisco, 
CA 94115; (415) 923-3423 


The Basic Sci Course in Ophthalmol at Stan- 
ford Univ At: Stanford Dates: 7/1/91 to 8/29/91 
Reg Fee: $1750 Contact: Basic Sci Course, 
Peter R. Egbert, MD, Dir, Dept of Ophthalmol, 
A-157, Stanford Med Ctr, Stanford, CA 94305- 
5308; (415) 725-7269 (Susan Marsh) 


FLORIDA 


Three Steps to Phaco At: Orlando Dates: 
11/15/91 to 11/16/91 Contact: Tami Willems, 
IOLAB Corp, 500 IOLAB Dr, Claremont, CA 
91711; (800) 423-1871 or (800) 352-1891 (inside 
Calif) 


Next Step to Phaco At: Orlando Dates: 11/15/91 
to 11/16/91 Contact: Tami Willems, IOLAB 
Corp, 500 IOLAB Dr, Claremont, CA 91711: 
(800) 423-1871 or (800) 352-1891 (inside Calif) 


GEORGIA 


Pediatric Ophthalmol At: Atlanta Date: 9/20/91 
Hrs Instr: 5.5 Sponsors: Emory Univ Sch of 
Med & Med Coll of Georgia Contact: Dept of 
CME, Emory Univ Sch of Med, 1440 Clifton Rd, 
Atlanta, GA 30322; (404) 727-5695 


HAWAII 


Curr Ophthalmol: A Review for the Prac Oph- 
thalmologist At: Kamuela Dates: 8/3/91 to 
8/10/91 Hrs Instr: 28.25 Reg Fee: $630 Contact: 
B. Johnson, USC Sch of Med, 1975 Zonal Ave, 
Los Angeles, CA 90033; (213) 342-2545; FAX 
(213) 342-2152 


Ophthalmol Update Course At: Mauna Lani 
Dates: 12/1/91 to 12/5/91 Reg Fee: $495 Contact: 
Emily Varnell, LSU Eye Center, 2020 Gravier 
St, Suite B, New Orleans, LA 70112; (504) 568- 
6700, ext 336 


ILLINOIS 


Next Step to Phaco At: Chicago Dates: 8/23/91 to 
8/24/91 Contact: Tami Willems, IOLAB Corp, 
500 IOLAB Dr, Claremont, CA 91711; (800) 423- 
1871 or (800) 352-1891 (inside Calif) 


Three Steps to Phaco At: Chicago Dates: 8/23/91 
to 8/24/91 Contact: Tami Willems, IOLAB Corp, 
500 IOLAB Dr, Claremont, CA 91711; (800) 423- 
1871 or (800) 352-1891 (inside Calif) 
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KENTUCKY 


Eighth Ann Ophthalmol Sem: Lasers & Beyond 
At: Louisville Date: 9/14/91 Hrs Instr: 3.25 Reg 
Fee: $50 Contact: Norman D. Radtke, MD, 240 
Audubon Med Plaza, Louisville Plaza, Louisville, 
KY 40217; (502) 636-2823 


MARYLAND 


Diabetic Retinopathy Course At: Baltimore 
Date: 9/20/91 Reg Fee: $225; $75 for residents, 
fellows & allied health personnel before 8/15/91 
Sponsors: Retina Ctr at St Joseph Hosp & 
American Diabetes Assn Contact: Ruby Rich- 
ardson, Conf Coord, PO Box 20 000, Baltimore, 
MD 21284; (310) 337-4500 


Mgmt of Diabetic Retinopathy: Application of 
Guidelines from 1991 ETDRS Publication At: 
Baltimore Date: 11/15/91 Hrs Instr: 8 Reg Fee: 
$200, $100 for residents, fellows & allied health 
professionals Contact: Prgm Coord, The Johns 
Hopkins Med Inst, Office of CE, Turner Bldg, 
120 Rutland Ave, Baltimore, MD 21205; (301) 
955-2959 


MASSACHUSETTS 


Ann Mtg of the American Coll of Veterinary 
Ophthalmologists (ACVD) At: Boston Dates: 
9/26/91 to 9/29/91 Contact: Judy Schramm, Cor- 
tez Travel Ine, 117 Lomas Santa Fe Dr, Solana 
Beach, CA 92075; (619) 755-5136 


Extracranial Optic Nerve Decompression Mtg 
At: Boston Dates: 11/2/91 to 11/3/91 Sponsor: 
Dept of Ophthalmol & Otolaryngology, Massa- 
chusetts Eye & Ear Infirmary Contact: Michael 
P. Joseph, MD, Massachusetts Eye & Ear Infir- 
mary, 243 Charles St, Boston, MA 02114; (617) 
513-3192 


NEW JERSEY 


Symp for the Prac Ophthalmologist: Recent 
Adv in the Diagnosis and Surg Management 
of Lacrimal Disorders At: Englewood Date: 
9/21/91 Contact: Evelyn Le Clair, Course Coord, 
Englewood Hospital, 350 Engle St, Englewood, 
NJ 07631; (201) 894-3134 


NEW YORK 


Basic Sci Course in Ophthalmol At: New York 
Dates: 9/3/91 to 12/20/91 Hrs Instr: 154 Reg Fee: 
$1100 Contact: NYU Med Ctr, Postgrad Med 
Sch, 550 First Ave, New York, NY 10016; (212) 
263-5295 


Alumni Day 1991: Symp on Adv in Ocular Surg 
At: New York Date: 9/21/91 Hrs Instr: 5.5 Reg 
Fee: $125 Contact: NYU Postgrad Med Sch, 
550 First Ave, New York, NY 10016; (212) 263- 
5295 


First Harvey B. Taterka Lec At: New York Date: 
9/21/91 (during NYU alumni Day 1991) Lectur- 
er: Robert B. Nussenblatt, MD Contact: NYU 
Med Ctr, Postgrad Med Sch; 550 First Ave, New 
York, NY 10016; (212) 263-5295 


OREGON 


Ninth Ann Internatl Conf of the Benign Essen- 
tial Blepharospasm Res Found Inc At: Port- 
land Dates: 9/13/91 to 9/15/91 Contact: Benign 
Essential Blepharospasm Research Found Inc, 
PO Box 12468, Beaumont, TX 77726-2468; (409) 
832-0788 


q . 7 TAP TY rye ae COMUNES 


TEXAS 


Cataract 1991 At: Dallas Date: 9/6/91 Reg Fee: 
$135 for phys before 8/23/91; $165 for phys after 
8/23/91; $85 for residents; $85 for allied health 
profs Contact: Paula M. Hall, Prgm Coord, 
Office of CME, Presbyterian Healthcare Sys- 
tem, 8160 Walnut Hill Lane, Dallas, TX 15231; 
(214) 891-2323 


Phacoemulsification & Small Incision lOLs: 
Lecture & Lab Course At: Houston Dates: 
8/2/91 to 8/3/91 Contact: Carol J. Soroka, Prgm 
Coord, Office of CE, Baylor Coll of Med, One 
Baylor Plaza, Houston, TX 77030; (713) 798-6020 


WEST VIRGINIA 


12th Ann Ophthalmol Clin Conf At: Morgantown 
Dates: 11/1/91 to 11/2/91 Contact: Patricia Schu- 
mann, Conf Coord, Dept of Ophthalmol, West 
Virginia Univ Health Sci Ctr N, Morgantown, 
WV 26506; (304) 293-3757 


WISCONSIN 


Current Concepts in Ophthalmol At: Milwaukee 
Dates: 11/8/91 to 11/9/91 Contact: Tammy Co- 
nant, The Eye Institute, 8700 W Wisconsin Ave, 
Milwaukee, WI 53226 


FOREIGN 


16th Ann Pediatric Ophthalmol Day At: Montre- 
al, Quebec, Canada Date: 11/1/91 Reg Fee $25, 
advanced reg Contact: Jean Milot, MD, Chair- 
man of the Scientific Prgm, Dept of Ophthalmol, 
Hôpital Sainte-Justine, 3175, chemin Côte- 
Sainte-Catherine, Montreal, Quebec, Canada 
H3T 1C5; (514) 345-4714; FAX (514) 345-4805 


Natl Res Symp on Contact Lenses At: Toronto, 
Ontario, Canada Dates: 8/9/91 to 8/11/91 Spon- 
sor: Bausch & Lomb Contact: Bausch & Lomb, 
Attn: Ms Sue Cornell, Travel & Mtg Dept, 1400 
N Goodman St, Rochester, NY 14692; 1-800-344- 
8815, ext 8341 


Internat! Symp of the German Ophthalmologi- 
cal Soc (DOG): Update on Infectious Diseases 
of the Eye At: Münster Germany Dates: 
9/19/91 to 9/21/91 Contact: Alexander A. Biala- 
siewicz, MD, Univ Eye Hosp, Bonn, Sigmund 
Freud Str 25, 53 Bonn 1, Germany 


Vitreo-Retinal Convention At: Madras, India 
Dates: 9/7/91 to 9/8/91 Contact: Dr Amar Agar- 
wal, Dr Agarwals Eye Institute, 13 Cathedral 
Rd, Madras 600 086, India 


Internat! Symp on Graves’ Ophthalmol At: Am- 
sterdam, the Netherlands Contact: Amsterdam 
Thyroid Club, c/o W. M. Wiersinga, MD, Dept of 
Endoerinology, F5-258, Academic Med Ctr, Mei- 
bergdreef 9, 1105 AZ Amsterdam, the 
Netherlands 


Second Symp on Recent Developments in the 
Immunopathology of Intraocular Inflammation 
At: Aberdeen, Scotland Dates: 10/22/91 to 
10/25/91 Contact: Prof JV Forrester, Dept of 
Ophthalmol, Univ of Aberdeen, Med Sch, For- 
esthill, Aberdeen, Scotland AB9 2DY 


Optics '91 Exhibition At: Singapore Dates: 
9/12/91 to 9/15/91 Contact: Jimmy Bong, 151 
Chin Swee Rd No. 03-04A, Manhattan House, 
Singapore 0316; Tel: 7329811; FAX: 7328661 


Bi-ann Octopus Users’ Mtg At: Bern, Switzer- 

land Dates: 9/5/91 to 9/7/91 Contact: Diana 
Stout, Interzeag Inc, 100 Otis St, Northboro, 
MA 01532; (508) 393-5726; FAX (508) 393-3601 
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Pacific Presbyterian Medical Center 
Department of Ophthalmology 
presents 


Clinical Glaucoma in the 1990s 


Thematics & Pragmatics 
September 27 and 28, 1991 


THE FOURTH OKLAHOMA 
NEURO-OPHTHALMOLOGY COURSE 


THE BASICS OF 
NEURO-OPHTHALMOLOGY 


Emphasizing the following: The Neuro- 
Ophthalmologic Exam, The Pupil, 
Visual Loss Workup, Optic Nerve Djs- 
orders, Diplopia Workup, Motility Dis- 
orders, Headache, Visual Fields, Chias- 
mal and Parasellar Disease, Thyroid 
Eye Disease, Myasthenia Gravis, 
Strokes, Pseudotumor Cerebri, and 
other entities. 



















Friday “Clinical Decisions for 
Afternoon Glaucoma Management” 
Symposium Allan Kolker, M.D. 

Bernard Schwartz, M.D. 
Robert L. Stamper, M.D. 


Saturday "Glaucoma: Diagnostic & 

All Day Therapeutic Mastery” 

Workshop M. Bruce Shields, M.D. and 
the Ophthalmology Faculty of 

Pacific Presbyterian 

$100 workshop fee 


Miyako Hotel, San Francisco 





OCTOBER 24-25, 1991 


For more information and Course Director: 


broch tact: Marc F. Lieb ,M.D. 
Pacific Vision ma E = RYE OKLAHOMA CITY, OKLAHOMA 
2340 Clay Street, Suite 124 WATERFORD HOTEL 


San Francisco, CA 94115 
(415) 923-3423 CME credit - 9 hours, category 1 





J. LAWTON SMITH, M.D. 
JOHN A. McCRARY, M.D. 
BRADLEY K. FARRIS, M.D. 


DonurNY EYE INSTITUTE 
Presents SPONSORED BY 


"SECOND ANNUAL DIODE LASER THE DEPARTMENT OF OPHTHALMOLOGY 
WORKSHOP: THEORY AND APPLICATION" DEAN A. McGEE EYE INSTITUTE 
Friday, October 18, 1991 


Course Director: IN CONJUNCTION WITH 
Lawrence P. Chong, M.D. THE OFFICE OF CONTINUING MEDICAL EDUCATION 
Guest Faculty: THE UNIVERSITY OF OKLAHOMA HEALTH SCIENCES CENTER 
Douglas E. Gaasterland, M.D., Georgetown University, COLLEGE OF MEDICINE 


Washington D.C., U.S.A. 
John Marshall, Ph.D., Institute of Ophthalmology, OKLAHOMA CITY, OKLAHOMA 


London, U.K. 


J.D.A. McHugh, F.R.CS., Institute of Ophthalmology, 
Lon 


The University of Oklahoma College of Medicine is 
accredited by the Accreditation Council for Con- 
jecur i reg nuin idis ducatis (ACCME) to sponsor 
Joel S. Schuman, M.D., Tufts University, b reb an Me diy 
Boston, M.A., U.S.A. continuing medical education for physicians. 
Yasuo Tano, M.D., Osaka Univerity, Osaka, Japan 


Carmen A. Puliafito, M.D., Tufts University, 


The Office of Continuing Medical Education of the 
Doheny Faculty: University of Oklanoma College of Medicine esr 
George Baerveldt, M.D. nates this continuing medical education activity 
Lawrence P. Chong, M.D. as meeting the criteria for 11 credit hours in 
Donald A. Frambach, M.D. Category I of the Physician's Recognition Award of 
Richard R. Ober, M.D. the American Medical Association. 


Accreditation: 7 hours CMA/AMA Category I Credit For further information contact the Office of Continu- 
FOR MORE INFORMATION CONTACT: ing Medical Education at 405/271-2350. 
Jeanne Glanville, telephone (213) 342-6680, FAX (213) 342-6688 





Jules Stein Eye Institute 
UCLA School of Medicine 


and 


Doheny Eye Institute 
USC School of Medicine 


Doheny Eye Institute 


MEDICAL AND SURGICAL 
RETINA IN THE 1990s 


October 11-12, 1991 


Prior to the American Academy 
of Ophthalmology meeting 


Course Directors 


Hilel Lewis, M.D. 
Stephen J. Ryan, M.D. 


The Beverly Hilton Hotel 
Beverly Hills, California 


Course Faculty 


Gary Abrams, M.D. 
George Blankenship, M.D. 
Mark Blumenkranz, M.D. 
Stanley Chang, M.D. 
Gabriel J. Coscas, M.D. 
Donald J. D'amico, M.D. 
Stuart L. Fine, M.D. 


H. MacKenzie Freeman, M.D. 
J. Donald Gass, M.D. 


Bert M. Glaser, M.D. 

Lee M. Jampol, M.D. 

Peter Leaver, M.D. 

Harvey A. Lincoff, M.D. 
Brooks W. McCuen, II, M.D. 
Travis A. Meredith, M.D. 
Robert P. Murphy, M.D. 
Carmen A. Puliafito, M.D. 
Howard Schatz, M.D. 

Yasuo Tano, M.D. 

William S. Tasman, M.D. 
Matthew A. Thomas, M.D. 
Michael T. Trese, M.D. 
Lawrence A. Yannuzzi, M.D. 


UCLA Ophthalmology 
Faculty and USC 
Ophthalmology Faculty 


oving—-need a change of address? 


issing an issue? Need a back issue? 


This intensive and practical course will cover the 
most recent advances and innovations, contro- 
versies, and management of medical and surgical 
retinal problems such as age-related macular 
degeneration, complicated retinal detachments, 
choroidal neovascularization, cystoid macular 
edema, diabetic retinopathy, dislocated intraocular 
lenses, endophthalmitis, giant retinal tears, 
inflammatory and infectious retinitis, intraocular 
tamponade, lasers, macular holes, proliferative 
vitreoretinopathy, and retinopathy of prematurity 
among others. National and international speakers 
will address each subject with lectures and audio- 
visual presentations. Active audience participation 
in discussions will be encouraged. 


Registration Fee, $500.00 

CME Category | Credit, 16 hours 
For Information: 

Gretchen Falvo 

Director of Academic Programs 


Jules Stein Eve Institute 


100 Stein Plaza, UCLA 

Los Angeles, California 90024-7000 
U.S.A. 

(213) 825-4617 

(213) 206-3652 FAX 


nterested in a gift subscription? 


sabes ription quet can | € answered 
in minutes. É 


xperiencing irregular delivery? 


Receiving duplicate copies? 


American Medical Association 


ipti ? 
ant your own personal subscription? Physicians dedicated to the health of America 





Protect your practice. 
Understand the law. 


The American Medical Association 
and the National Health Lawyers Association 


present 


Physicians Survival Guide: 
Legal Pitfalls and Solutions 


















| range irv y of the co plex legal v 
issues facing today's physician, 
including: 





cC PRyS Survival uide is written. 
especially | for the nonlegal profes- — 
sional. It examines the issues and pro- 
vides practical guidance on avoiding 
the myriad pitfalls in the physician’s 
legal environment. It’s a must-read for 
practicing physicians, physician ad- 
ministrators and their advisors. 

From quality of care, to referral 
practices, to reimbursement, your 
practice environment is becoming 
more complex and more dangerous, 
with doctors facing severe monetary 
penalties and even criminal prosecu- 
tion for missteps. You can’t afford to 
depend exclusively on others to pro- 
tect you and your practice. Arm your- 
self with the right knowledge about the 
law, your rights and your liabilities 
with Physician's Survival Guide. 


e Critical care decision-making 
e Fraud, abuse and sanctions 
e Hospital contracts 

e Malpractice 

e Antitrust law 

e Employment discrimination 
e Joint ventures pitfalls. 


t 


To order immediately, 
call 1-800-621-6555. 


Dont wait. Understand the law! 


Please send me Physician' s Survival Guide: Legal Pitfalls and Solutions. 


copies @ $40 (AMA Member) $ 

















copies @ $50 (Nonmember) $ Name 
Sales tax if applicable (see chart) $ Medical Education Number Title 
TOTAL $ 
Department Institution 


[C] I've enclosed a check payable to: American 
Medical Association. 


i 
2 
$ 


Address City/State/ZIP 


[L] Bill my credit card: [] Visa (J) Mastercard STATE SALES TAX (May vary by County) 





C] American Express a Optima IA: 496; ID,NC,SC: 5%; NY: 5.25%; ND, WI: 5.596; AR,DC,GA,NV, WV: 696; KS: 6.2596; 
NE: 6.5%; AZ: 6.796; OH: 7%; CA,TN: 7.25%; CT, IL: 896; WA:8.1%; MN: 8.5% 
Account No. Expiration Date Return with payment to: 
( ) Order Dept. OP631091, American Medical Association, 
Daytime phone P.O. Box 2964, Milwaukee, WI 53201-2964. 


Please allow 4-6 weeks for delivery. 
| Cardholder's signature 14003 





MonoF Lex is all-PMMA, multi-piece performance defined. The 
“MONO” in MonoFLex is synonymous with the biocompatibility 
and safety of our thermally-drawn, proven PMMA. “FLEX’— 
which comes from the English “flexibility’—denotes the same 
ease of insertability as polypropylene...with the proven benefits 
of all-PMMA performance. 


For a more expanded definition of MowoFizx, call Inside Sales 
at 1-800-TO ALCON. 
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Box 





CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 times 
ME or more* 
= | Cost per word $1.05 $ .95 


Minimum ad: 20 words per issue 


"In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered one 


..| word, each abbreviation is considered one word, 
| and figures consisting of a dollar sign and five 


numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered one 
word and must appear in all ads. Telephone 
number with area code is considered one word. 
When box numbers are used for replies, the 
words "Box. —., c/o AOP" are to be counted as 
three words. 


Classified Display 1 Time 3 times 

or more 
. Full page $655 $603 
| Two-thirds page 561 516 
One-half page 495 456 
One-third page 393 362 
One-sixth page 262 241 
‘Column inch 90 75 


Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication will 
pub-set advertisements upon request. The type- 
setting fee is 1096 of the one-time ad cost shown 
above. Special requests will be billed to the adver- 
tiser and/or agency at the then prevailing rates. 


Box Service 


' Available for all ads. The cost is $15.00 for the 


first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 


| directly to you. 


s - 
2 
f 
T. 
La] 
S. 
ets 


Closing Date 


The 25th of the second month prior to issue date. 
Example: The November issue closes 


. September 25th. No ads can be cancelled after 


the closing date 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 


OF 


Ophthalmology 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 € 813-443-7666 








THE BENIGN ESSENTIAL BLEPHAROSPASM 
Research Foundation, Inc. has $100,000 available 
for blepharospasm/Meige research. Only research 
grants focused on finding a cause or cure for these 
conditions will be considered. The submission 
deadline is September 1, 1991. For more information 
and application forms, contact the Foundation at P.O. 
Box 12468, Beaumont, TX 77726-2468. 


RETINAL SPECIALIST 


Board-eligible/-certified retinal ophthalmologist to join our 
six-physician ophthalmic group practice. Our group 
practice is located 1'/: hours northwest of Philadelphia, 
Pennsylvania. Excellent medical community and family 
environment. Modern, well-equipped office with certified 


ancillary staff. The position offers excellent salary and 
fringe benefits with opportunity for partnership. Interested 
individuals should send curriculum vitae to: Mr. David L. 
O'Donnell, West Reading Ophthalmic Associates. 206 
South Sixth Avenue, West Reading. PA 19611 

Telephone: (215) 378-1348. 





GENERAL OPHTHALMOLOGIST WANTED: Board- 
eligible or board-certified. Excellent opportunity to join 
a busy ophthalmologic practice consisting of one 
main office and several satellite offices. Area served 
includes approximately 150,000 people. Located in 
southeastern Pennsylvania approximately 1% hours 
from Philadelphia, and is mostly semi-rural. This 
opportunity offers excellent salary and benefits with 
the potential of partnership. Send curriculum vita to: 
Fred L. Dankmyer, MD, Box 220, Orwigsburg. PA 
17961. 


MAINE - Exceptional opportunity for BC/BE oph- 
thalmologist to join established ophthalmology 
practice in beautiful northern New England. Referral 
base 400,000 with 120,000 in immediate area. Wide 
ranging cultural, academic and recreational oppor- 
tunities. Modern, well equipped office adjoining 
growing medical center with extensive diagnostic 
and laboratory services. Association with opportunity 
for partnership. Send CV to: Jean H. Tibbetts, MD, 
Suite 230, 417 State Street, Bangor, ME 04401. 


AUSTIN, MINNESOTA has an immediate need for 
an ophthalmologist to join a busy general practice. 
Associate with an established clinic in an attractive, 
mid-sized community of 23,000. First year guarantee 
plus generous incentives. Contact: Jerry Hess or Bill 
Tendle, LifeSpan, 800 East 28th Street, Minneapolis, 
MN 55407. (800) 248-4921. 


VITREO-RETINAL SPECIALIST. Ophthalmology 
group practice in Wilmington, Delaware, thirty 
minutes from Philadelphia, seeks fellowship-trained 
vitreo-retinal specialist. Existing staff includes 
specialists in retina, oculoplastics and neuro- 
ophthalmology. Good referral base. Modern, well 
equipped office with friendly cohesive staff. Family 
oriented community. Excellent salary leading to 
partnership. Call Mary Ann O'Flynn at (302) 652- 
3353. Or send curriculum vitae to: Eye Physicians 
and Surgeons, P.A. at 1207 North Scott Street, 
Wilmington, DE 19806. 


MEDICAL/GENERAL OPHTHALMOLOGIST or opto- 
metrist — Growing practice in Syracuse, New York 
area seeking associate with excellent personal and 
professional skills. Send CV and letter to: Box #645, 
c/o AOP. 


GENERAL OPHTHALMOLOGIST - Full-time 


position for BC/BE MD with fellowship training. Assist 
in teaching residents in both clinical and surgical 
settings. Contact: David J. Schanzlin, MD, Professor 
and Chairman, Department of Ophthalmology, Saint 
Louis University, Bethesda Eye Institute, 3655 Vista, 
St. Louis, MO 63110. AA/EOE/M/F/H/V. 








All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, C/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 





Professional Opportunities — 


BC/BE GENERAL OPHTHALMOLOGIST to join 
busy solo practitioner in mid-Hudson Valley. Large 
modern office and latest surgical equipment 
available. Must be PHACO trained and comfortable 
with extensive ER coverage. Box #644, c/o AOP. 


GLAUCOMA RESEARCH GRANTS - The National 
Glaucoma Research program of the American Health 
Assistance Foundation invites applications from 
investigators for research into the cause and 
treatment of glaucoma. The major criterion for 
evaluation of applications is the potential for 
meaningfully changing the direction of scientific 
inquiry in glaucoma by improving our understanding 
of the disease process. The proposed project should 
be distinct from other investigations and grant 
awards. Grant awards are up to $25,000 for one year 
with possible renewals for a second year. Application 
deadline: November 30, 1991. Funding starts April 1, 
1992. For application forms contact: American Health 
Assistance Foundation, Research Grants Manager, 
15825 Shady Grove Road, Suite 140, Rockville, MD 
20850. (301) 948-3244. 


WESTERN MOUNTAINS - Natural beauty and 
splendid outdoor recreation. Private practice oppor- 
tunity for BC/BE ophthalmologist. Small community 
hospital has excellent staff. Superb skiing, fishing, 
cycling, backpacking, etc. Traditional small town 
values with low crime, no gridlock, and high rate of 
collections. Numerous retirees. Write: Box #654, c/o 
AOP. 
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Pres OPHTHALMOLOGIST 
WASHINGTON 
Clinic The Moses Lake Clinic, a divi- 
sion of Wenatchee Valley Clinic, 


is seeking a general ophthalmologist to join a busy estab- 
lished practice. Excellent surgical volume. Guaranteed 


salary and partnership track available. Excellent benefit 
package. Family oriented community with a large rural 
service area. Abundant four-season recreational oppor- 
tunities. Contact: . 
R. Bennion, MD 
Moses LAKE CLINIC 


840 Hill Avenue, Moses Lake, WA 98837 


NEW YORK, SARATOGA SPRINGS: Well estab- 
lished solo ophthalmologist seeks ethical and 
personable BC/BE general ophthalmologist to join 
growing practice in cosmopolitan Saratoga Springs in 
upstate New York. Enjoy working in bright, spacious, 
well equipped, new office with four modern exam 
rooms, Equipment includes Argon/YAG lasers, A and 
B scan ultrasound, autorefractor, Humphrey field 
analyzer and photographic equipment. Outpatient 
surgery and ER facility at hospital (across the street). 
Competitive salary guarantee plus incentives and 
excellent benefit package. Located three hours from 
New York City, Montreal and Boston, and a half hour 
from Albany. Saratoga is a historic, close-knit com- 
munity with lovely neighborhoods, fine restaurants, 
specialty shops and entertainment including 
thoroughbred racing and the Saratoga Performing 
Arts Center. Proximity to Lake Placid, the 
Adirondacks and the Green Mountains of Vermont is 
ideal for skiers and outdoor enthusiasts. Please 
forward CV to: Denise Romand, Medical Staff 
Recruiter, Saratoga Hospital, 211 Church Street, 
Saratoga Springs, NY 12866. For more information: 
(518) 583-8465 days, or (518) 583-3120 evenings. 


GENERAL OPHTHALMOLOGIST - Prestigious, 
well-established ophthalmology practice in Chicago 
and northern suburbs looking for associate to begin 
immediately. Fellowship training in plastics, medical 
retina or cornea are desirable but not mandatory. 
Potential to possible partnership. Salary negotiable. 
Contact: Box 4649, c/o AOP. 
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references: Charles Morledge, MD, 34 Heatherwood 
Lane, Billings, MT 59102. 


VITREO-RETINAL SURGEON - Southern New 
England practice limited to vitreo-retinal diseases 
seeks additional associate. Fellowship and board- 
certification required. Practice affiliated with medical 
school and residency teaching program. Send CV to: 
Box #650, c/o AOP. 


PEDIATRIC OPHTHALMOLOGIST 


Second, full-time, academic pediatric ophthal- 
mologist needed for expanding department at 
children's hospital. BE/BC, fellowship trained 
Clinical, research and teaching responsibilities. 
Position available immediately or will discuss 
starting date. Contact. David J. Schanzlin, MD. 
Chairman, Department of Ophthalmology. St 
Louis University School of Medicine, Bethesda 
Eye Institute. 3655 Vista, St. Louis, MO 63110 









RETINAL SPECIALIST: Marshfield Clinic wishes to 
recruit a BC/BE retina specialist with a primary 
interest in medical retina. The prospective physician 
would be joining a medical and a surgical retina 
specialist plus cornea, glaucoma, pediatric, and 
neuro-ophthalmology specialists and three general 
ophthalmologists. The Marshfield Clinic is a 350+ 
physician multi-specialty group practice serving 
central and northern Wisconsin as well as the Upper 
Peninsula of Michigan. Complete practice setup, 
support staff, and a full compliment of business office 
services are offered along with a competitive salary 
and excellent fringe benefits. This opportunity affords 
easy access to a wide variety of outdoor recreational 
activities, as well as safety and security for family 
living. For more information, send your CV, or 
contact: Gary Pesicka, MD, 1000 North Oak Avenue. 
Marshfield, WI 54449. Or call: (715) 387-5236. 





Marshfield Clinic, a large multi- 
specialty group, is seeking a Gen- 
eral Ophthalmologist to practice 
in ASHLAND, WISCONSIN. Qualified 
physician would be joining two full 
time Ophthalmologists performing 
full range of medical and surgical 
general ophthalmology. Support 
staff, equipped exam lanes, and 
business office services will be pro- 
vided. This opportunity provides a 
private practice setting with secu- 
rity in salary and fringe benefits 
associated with a group practice. 
Ashland is a community of 9,000 
located on the southern shores of 
Lake Superior in upstate Wisconsin. 
The area provides a variety of out- 
door recreational opportunities in 
four distinctive seasons. For more 
information, send CV to: 












Dr. Thomas Stram 
1000 North Oak Avenue 
Marshfield, WI 54449 
or call: (715)387-5236 











Marshfield Clinic 


BE SGT 


















































Ophthalmologist - New Hampshire 


If you are a motivated, self-starter 
willing to take the necessary risks to establish a 
lucrative, solo practice in a growing 
area of our state, join us. 

We might just have the right opportunity for you. 


Send replies to: Box #652, c/o AOP. 







VITREO-RETINAL SURGEON: Dynamic medical/ 
Surgical retina vitreous only practice in large mid- 
western city seeks fellowship trained vitreo-retinal 
surgeon. Academic affiliation available. BE/BC. Send 
CV to: Box #655, c/o AOP. 





VITREO-RETINAL SURGEON to join two others in 
busy retina-only practice. Progressive community 
located 1% hours from New York City and Phila- 
delphia. Please respond to: Box #642, c/o AOP. 


THE VA MEDICAL CENTER, Big Spring, Texas has 
a vacancy for an ophthalmologist. The minimum 
requirements for the position are as follows: four 
years postgraduate training, which includes one year 
base training (appropriate specialty) and three years 
residency in ophthalmology after receiving a doctor of 
medicine degree from an approved school of 
medicine. The successful applicant will be certified by 
the American Board of Ophthalmology and/or eligible 
for examination by the American Board of Ophthal- 
mology. The candidate must also have a modest to 
extensive publication and research record and be 
capable of applying for competitive grants including 
those issued by the VA and the National Eye 
Institute. The candidate should be current in all 
aspects of general ophthalmology care. Subspecialty 
training, interest and experience would be most 
desirable in order to expand the scope of our 
teaching activities at our facility. The incumbent 
needs to be a fellowship-trained ophthalmologist in 
any area of ophthalmology and also needs expertise 
in general ophthalmology including cataract and 
anterior segment surgery. The incumbent will be 
responsible for monitoring and teaching ophthal- 
mology residents, ophthalmology outpatient clinic 
visits, and ophthalmology inpatients. This facility is 
affiliated with Texas Tech University Health Science 
Center for post graduate training in ophthalmology 
and is working toward an expanded affiliation in 
medicine, surgery, and psychiatry. Core working 
hours are 8:00 AM — 4:30 PM. Some on call duty is 
required. The VA has a salary range of $74,643 - 
$108,000, along with excellent benefits. Recent 
legislation to be effective July 14, 1991, will increase 
the pay for physicians. There is no state income tax 
in Texas. Big Spring is a community of approximately 
23,000. The cost of living is very reasonable and the 
weather is mild. Please send a CV to: Mr. Stephen K. 
Sincleair, Chief, Personnel Service, 2400 South 
Gregg Street, Big Spring, TX 79720. Or call: (915) 
264-4828 for more information. An equal employment 
opportunity employer. 








RETINA: Busy retina practice in the midwest seeks 
a vitreo-retinal surgeon. Fellowship required. 
Association leading to partnership. Send CV to: Box 
#646, c/o AOP. 





Positions Available 


RETINA SPECIALIST: Established multi-specialty 
ophthalmology group, located on central Florida's 
beautiful Gulf Coast, seeks fellowship-trained retina 
surgeon to build on established base. A caring well- 
trained staff, state-of-the-art equipment, and modern 
offices await the empathetic, motivated and confident 
person we are seeking. Some general ophthalmology 
required until practice is fully developed. Salary. 
incentive and partnership opportunity avaiiable at the 
end of two years. Send CV to: Box #647, c/o AOP. 








| Positions Wanted 


WELL-TRAINED, hard-working, experienced BC 
ophthalmologist desires to relocate, preferably in 
south or southwest. All types of practice considered. 
Box #651, c/o AOP. 
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ACADEMIC OPHTHALMOLOGISTS/Geneticists— 


Pediatric ophthalmologist, retina and vitreous 
surgeon. The University of Nebraska College of 
Medicine, Department of Ophthalmology, is seeking 
two full-time academic ophthalmologists. A strong 
commitment to resident, medical student teaching 
and research is essential. Requirements include 
completion of a satisfactory residency and American 
Board of Ophthalmology eligibility or certification. 
Must have documented prior teaching and research 
experience. Salary and rank commensurate with 
education and experience. Health Professions 
(tenure-leading) appointment contract with potential 
for renewal. Positions available immediately. Send 
curriculum vitae to: Michael E. Yablonski, MD, PhD, 
Professor and Chairman, Department of Oph- 
thalmology, University of Nebraska Medical Center, 
600 South 42nd Street, Omaha, NE 68198-5540. 
(402) 559-4276. FAX: (402) 559-5514. An equal 
opportunity/affirmative action employer. 


DIRECTOR OF ORBITAL AND 
RECONSTRUCTIVE SURGERY 


Board-certified or -eligible MD with 
demonstrated service, teaching and 
research skills for full-time academic 
faculty appointment. Send letter, cur- 
riculum vitae and bibliography to: 


Search Committee 
Department of Ophthalmology 
and Visual Science 


YALE UNIVERSITY 
SCHOOL OF MEDICINE 
P.O. Box 3333, New Haven, CT 06510-8061 
Affirmative action/equal opportunity employer. 


OCULOPLASTIC SURGERY - University of 
Maryland Medical Center. The Department of 
Ophthalmology is seeking a person who is fellowship 
trained in oculoplastic surgery to join us as an 
assistant professor. Clinical management of oculo- 
plastics patients, expertise in oculoplastics orbit 
surgery, clinical research, and academic teaching 
are vital components of this position. Candidate 
must be BC/BE. An affirmative action/equal 
opportunity employer. Send CV by August 30, 1991 
to: Vinod Lakhanpal, MD, Professor, Department of 
Ophthalmology, University of Maryland Medical 
Center, 22 South Greene Street, Baltimore, MD 
21201. 





RETINA 


The Department of Ophthalmology and Visual Science 
at Yale University invites applications for faculty 
positions in the Section of Retina and Vitreal Diseases. 


Director of Section—Board-certified ophthalmologist 
trained and experienced in all aspects (surgical/research) 
of retina and vitreous diseases. Will be expected to direct 
teaching, research and clinical programs. 


Assistant Professor —Ophthalmologist (BC/BE) retina- 
vitreous vascular specialty training. Seeking highly 
motivated individual with demonstrated involvement in 
quality research, clinical service and teaching. 


Qualified candidates should forward a letter of interest 
and curriculum vitae with bibliography to: Chairman, 
Search Committee, Department of Ophthalmology & 
Visual Science, Yale University School of Medicine, P.O. 
Box 3333, New Haven, CT 06510. Affirmative action/ 
equal opportunity employer. 


















NEURO-OPHTHALMOLOGIST - University of 
Maryland Medical Center. The Department of 
Ophthalmology is seeking a person who is fellowship 
trained in neuro-ophthalmology to join us as an 
assistant professor. Qualifications include a strong 
interest in teaching, research experience in clinical 
trials, and expertise in patient care. Candidate must 
be BC/BE in ophthalmology or neurology. An 
affirmative action/equal opportunity employer. Send 


CV or contact: Shalom E. Kelman, MD, Assistant - 


Professor, Department of Ophthalmology, University 
of Maryland Medical Center, 22 South Greene 
Street, Baltimore, MD 21201. (301) 328-7261. 
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CORNEA - Instructor/Assistant Professor position 
for BC/BE MD with at least one year of fellowship 
training in cornea and external disease. Patient care, 
research, and teaching responsibilities. Contact: 
David J. Schanzlin, MD, Professor and Chairman, 
Department of Ophthalmology, Saint Louis Univer- 
sity, Bethesda Eye Institute, 3655 Vista, St. Louis, 
MO 63110. AA/EOE/M/F/HN. 





Available for training in cornea, refractive surgery 
and contact lenses with involvement in surgery and 
research. Reply with CV to: Dr. Penny Asbell, The 
Mount Sinai School of Medicine, Box 1183, One 
Gustave L. Levy Place, New York, NY 10029-6574. 
Telephone: (212) 241-7977. An equal opportunity 
employer. 


FELLOWSHIP: CORNEA/External Disease Fellow- 
ship available July 1, 1992. Clinical and animal 
research required. Excimer laser available. Contact: 
Richard A. Eiferman, MD, University of Louisville, 
Department of Ophthalmology/Visual Sciences, 
Louisville, KY 40292. 


CORNEA FELLOWSHIP: A ONE-YEAR fellowship 
in cornea and external disease is offered which will 
provide significant medical and surgical training. 
Surgical experience will include corneal trans- 
plantation, intraocular lens exchange, keratomileusis, 
lamellar keratoplasty procedures, hydrogel inlays, 
and keratoprosthesis. Involvement in current and 
new research activities is encouraged. Interested 
applicants contact: Francis W. Price, Jr., MD, or 
William E. Whitson, MD, Corneal Consultants of 
Indiana, 9002 North Meridian Street, Suite 100, 
Indianapolis, IN 46260. 





SOUTHERN CALIFORNIA - Exceptional 
opportunity to join a state-of-the-art equipped office 
located in an explosive growth area between Los 
Angeles and San Diego. Reasonable price, flexible 
terms, with salary guarantee while retiring 
ophthalmologists transfer their premier practice to 
you. For further information: Roy D. Sutton, Ill, 
Agent, 5250 West Century Boulevard, Suite 450, 
Los Angeles, CA 90045. (213) 216-2500. 


SOLO PRACTICE — General ophthalmology. Profit- 
able high per capita income, west Texas. Modern 


. Office equipment, minor operating suite, microscope, 


ultra sound, micro surgical instruments. Two hospi- 
tals, good schools, college and university. High 
practice expansion potential in pediatrics and 
surgery. Box #635, c/o AOP. 






HI 1 t ILILDITM |l 1: jlIe 
pee NET IRATUS VAN o LL 3 LI C XE Eu - 


NEW DIODE LASER POINTER - Ultra small; 6 x 5 / 
8x3 / 4; 3 oz.; 2-AAA batteries last five hours; soft 
case with pocket clip: $199. LaserMed, 810 Office 
Park Circle, #102, Lewisville, TX 75057. (214) 420- 
8611. 


TOPCON PROJECTION PERIMETER Model SBP- 
11, with table. Good condition. $2,495. Contact Sal 
at Darrell F. Smith, MD, (415) 461-9660, Greenbrae, 
CA 94904. 


MEDICAL EQUIPMENT/Supplies — Belrose Haag- 
Streit Type Slit Lamps: $2,995. Belrose Applanation 
Tonometers: $995. Belrose Keratometers: $1,250. 
Belrose Projectors: $520. Belrose Poc Wall 
Brackets: $98. Demo Topcon SPP-1000 com- 
puterized perimeter/power table: $8,500. 
Reconditioned Haag-Streit Perimeter: $3,950. 
Reconditioned Mentor Perimeter: $3,450. Belrose 
Refracting Equipment Company, 3734 West Oakton 
Street, Skokie, IL 60076. (800) 875-5235. 





PLEASE NOTE - Address replies to box number 


ads as follows: Box number. ,c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 
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We Target 
The Physician You Want! 


The Archives of Ophthalmology's classified recruitment advertising section 
is seen by precisely the physician you need — ophthalmologists. A targeted 
physician audience of more than 20,000. 


Send your advertising order today. Just complete the coupon below and 
attach your typewritten copy. The next available issue is October which closes 
August 25th. 


The classified rate is $1.05 per word for one issue. For three issues or more, 
the rate is $ .95 per word per issue. Minimum classified ad is 20 words. 


Please insert my ad. ——— . . times, beginning with the. 1 .  .—  J  Á issue. 
Place my ad under the heading 


Enclosed is.my cheek for S r — — . All advertising 
must be prepaid with order. 


Institution 

Contact Person 

Address 

co Ac —X-—— — -—— 0 -—-— 
Area Code & Telephone Number 


Authorized Signature 


COPY FOR CLASSIFIED ADVERTISEMENT: (Please type or print to avoid errors) 


Send all copy and payments to: 


ARCHIVES 


OF 


Ophthalmology 


Classified Department, P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 e Local (813) 443-7666 


Me Retire? 


S LI 
E 





BUT RETIREMENT 
ULTIMATELY REACHES 
OUT TO ALL OF US 


When should | retire, how do | retire, 
where should | retire, what does it 
“cost, have | saved enough, what 
will inflation do to me, what can | do 
in my spare time, what do others do 
in retirement, can my spouse 
“stand” me in retirement, can my 
spouse "retire" also? 


DON'T TURN YOUR 
BACK ON THESE 
QUESTIONS... 


someday they will have to be 
answered. 


THE AMERICAN 
ASSOCIATION 
OF SENIOR 
PHYSICIANS 


can help you get more out of your 
later years— medical retirement is 
our specialty, our ONLY specialty. 


Get practical, authoritative, 
knowledgeable information to assist 
you in YOQR retirement. 


¢ Bimonthly Newsletter 

* Retirement Planning Seminars 

e Literature Resource Center 

e Part-time work or volunteer 
ideas 

* Interesting travel opportunities 

* Health Insurance 

e Various medical magazines, 
auto rental & hotel discounts 

* Guidelines for disposing of a 
practice 


For a membership application and 
more details, write or call: 


American Association 
N of Senior Physicians 
515 N State 


S Chicago, IL 60611 
2 312-464-2460 


FML Forte® 


(fluorometholone) 0.25% 
Liquifilm® sterile ophthalmic suspension 





INDICATIONS AND USAGE: FML Forte is indicated for the 
treatment of corticosteroid-responsive inflammation of the pal- 
pebral and bulbar conjunctiva, cornea and anterior segment of 
the globe. 

CONTRAINDICATIONS: 

* Epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, 
varicella, and other viral diseases of the cornea and conjunctiva. 
e Tuberculosis of the eye. 

* Fungal diseases of the ocular structures. 

* Hypersensitivity to any component of the medication. 
WARNINGS: Corticosteroid medication in the treatment of 
patients with a history of herpes simplex keratitis (involving the 
stroma) requires great caution; frequent slit lamp microscopy is 
mandatory. Prolonged use may result in glaucoma, with damage 
to the optic nerve, defects in visual acuity and fields of vision. 
and/or in posterior subcapsular cataract formation. It may also 
aid in the establishment of secondary ocular infections from 
fungi or viruses liberated from ocular tissues. In diseases 
causing thinning of the cornea or sclera, perforations have been 
known to occur with the use of topical corticosteroids. Acute 
purulent untreated infection of the eye may be masked or 
activity enhanced by the presence of corticosteroid medication. 
PRECAUTIONS: General: As fungal infections of the cornea are 
particularly prone to develop coincidentally with long-term local 
corticosteroid applications, fungal invasion must be suspected 
in any persistent corneal ulceration where a corticosteroid has 
been used or is in use. As with other corticosteroids. frequent 
intraocular pressure checks are warranted since a significant 
increase in IOP may occur in a small percentage of patients 
treated with FML Forte. Carcinogenesis, mutagenesis, 
impairment of fertility: No studies have been conducted in 
animals or in humans to evaluate the possibility of these effects 
with fluorometholone. Pregnancy Category C: Fluorometholone 
has been shown to be teratogenic and embryocidal in rabbits 
when given in doses approximating the human dose and above. 
There are no adequate and well-controlled studies in pregnant 
women. Fluorometholone should be used during pregnancy only 
if the potential benefit outweighs the potential risk to the fetus. 
Fluorometholone was ocularly applied to both eyes of pregnant 
rabbits at various dosage levels on days 6 to 18 of gestation. A 
Significant dose-related increase in fetal abnormalities and in 
fetal loss was observed. Nursing Mothers: It is not known 
whether topical ophthalmic administration of corticosteroids 
could result in sufficient systemic absorption to produce 
detectable quantities in breast milk, nevertheless. the physician 
should consider having the patient discontinue nursing while the 
drug is being administered. Pediatric Use: Safety and 
effectiveness in children have not been established. ADVERSE 
REACTIONS: Adverse reactions include, in decreasing order of 
frequency, elevation of intraocular pressure (IOP) with possible 
development of glaucoma and infrequent optic nerve damage; 
loss of visual acuity or defects in fields of vision: posterior 
subcapsular cataract formation; delayed wound healing; and 
conjunctival erythema. The following have also been reported 
after the use of topical corticosteroids: Secondary ocular 
infection from pathogens liberated from ocular tissues and. 
rarely, perforation of the globe when used in conditions where 
there is thinning of the cornea or sclera. 


= ALLERGAN PHARMACEUTICALS 


Allergan Pharmaceuticals, A Division of Allergan, Inc. 
Irvine, CA 92713 ©1991 Allergan, Inc. 
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THERE ARE OVER 
2,000,000 
ONS 
TO PRESCRIBE 
FML FORTE 


ge : RIGH Se, There are an estimated 2,000,000 undiagnosed glaucoma cases in the 















39 «= population at large which, when treated with a steroid for ocular 
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3 | 5- inflammation, may be at risk of IOP increase. 

40 —. Because of the potential of steroids to raise intraocular pressure rapidly, 





nd HE Ree choose the steroid that takes a significantly longer average time to produce 
a rise in IOP than dexamethasone 0.1%. 
Fluorometholone 0.25% has been proven just as effective as prednisolone acetate 1.0% 


in controlling mild to moderate inflammation.’ F M 4 F ® 
So for effective ocular inflammation therapy, Or E 
prescribe FML Forte Suspension. (f uorometholon e) 0.25% 


For more than just a few good reasons. Liquifilm® sterile ophthalmic suspension 


Corticosteroids are capable of producing a rise in IOP. In clinical studies of documented steroid responders, fluorometholone demonstrated a — 
longer average time to produce a rise in IOP than dexamethasone phosphate; however, in a small percentage of individuals, a significant rise in IOP 
occurred within one week. The ultimate magnitude of the rise was equivalent for both drugs. Please see adjacent page for brief prescribing information. 


1. Data on file, Allergan, Inc. 


© ALLERCAN PHARMACEUTICALS Allergan Pharmaceuticals, A Division of Allergan, Inc., Irvine, CA 92713 
©1991 Allergan, Inc. 
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